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1
STIMULUS INDICATING DEVICE
EMPLOYING POLYMER GELS

RELATED APPLICATIONS

This application is related to and claims the benefit under
35 U.S.C. §119, of U.S. provisional patent application Ser.
No. 60/904,881 filed Mar. 5, 2007, which is hereby incorpo-
rated by reference in its entirety; and

this application is a continuation-in-part, and claims the
benefit under 35 U.S.C. §120, of U.S. patent application Ser.
No. 11/954,520, Dec. 12, 2007 now U.S. Pat. No. 8,166,906,
entitled “Stimulus Indicating Device Employing Polymer
Gels” which is related to and claims the benefit under 35
U.S.C. §119, of U.S. provisional patent application Ser. No.
60/874,248, filed Dec. 12, 2006, which are all hereby incor-
porated by reference in their entirety; and

this application is a continuation-in-part and claims the
benefit under 35 U.S.C. §120, of U.S. patent application Ser.
No. 11/580,241 filed Oct. 13, 2006 now U.S. Pat. No. 8,077,
554, entitled “Stimulus Indicating Device Employing Poly-
mer Gels” which is related to and claims the benefit under 35
U.S.C. §119, of both U.S. provisional patent application Ser.
No. 60/725,648, and U.S. provisional patent application Ser.
No. 60,725,649, both filed Oct. 13, 2005, which are all hereby
incorporated by reference in their entirety; and

this application is a continuation-in-part, and claims the
benefit under 35 U.S.C. §120, of U.S. patent application Ser.
No. 11/486,969, filed Jul. 14, 2006, entitled “Stimulus Indi-
cating Device Employing Polymer Gels” which issued as
U.S. Pat. No. 7,940,605, and which is related to and claims the
benefit under 35 U.S.C. §119, of U.S. provisional patent
application Ser. No. 60/698,984, filed Jul. 14, 2005, which are
all hereby incorporated by reference in their entirety; and

this application is a continuation-in-part, and claims the
benefit under 35 U.S.C. §120, of U.S. patent application Ser.
No. 11/414,254, filed May 1, 2006 now U.S. Pat. No. 9,063,
015, entitled “Stimulus Indication Employing Polymer Gels,”
which is related to and claims the benefit under 35 U.S.C.
§119, of U.S. provisional patent application No. 60/675,882,
filed Apr. 29, 2005, which are all hereby incorporated by
reference in their entirety.

FIELD OF THE INVENTION

The present invention relates, for example, to a stimulus-
indicating device. More particularly, the present invention
may include an apparatus for evidencing when a stimulus
sensitive product has been exposed to a designated or prede-
termined stimulus for a certain period of time, and the inven-
tion may further include a method for manufacturing aspects
of that apparatus.

RELATED PRIOR ART

It is well known in the art that the useful life of a perishable
product is a function of its cumulative exposure to a harmful
stimulus over a period of time. The types of stimuli that
advance the degradation of stimulus-sensitive products over
time include not only temperature, but also light, pH, humid-
ity, electromagnetic radiation, visible light, radiation, solvent
composition, ionic strength, etc.

The useful life of a temperature sensitive product is a
function of its cumulative time-temperature exposure—a
combination of the temperature to which a product is exposed
and the duration of the exposure. For stimulus sensitive prod-
ucts, degradation generally occurs faster at a higher stimulus
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2

(i.e., temperature) than at a lower stimulus (i.e., temperature).
For example, often a temperature-perishable product will
typically have a longer useful life if it is exposed to lower
temperatures than if it is exposed to higher temperatures. In
particular, pre-packaged chicken will spoil if it is exposed to
atemperature of 40-41° F. or above for an extended period of
time. However, exposure to high temperatures is not always
the cause of the problem because certain stimulus sensitive
products will degrade sooner at a lower stimulus (especially
freezing temperatures) than at a higher stimulus. For
example, a malaria vaccine will degrade faster below 2° C.
than if stored in the range of 3° C. to 7° C. Thus the rate of
degradation is often stimulus and product specific.

Stimulus perishable products susceptible to degradation
due to cumulative time-stimulus exposure include, but are not
limited to, food, food additives, chemicals, biological mate-
rials, drugs, cosmetics, photographic supplies and vaccines.
Many manufacturers mark their products with printed expi-
ration dates in an attempt to provide an indication of when the
useful life of a perishable product lapses. These dates, how-
ever, are only estimates and may be unreliable because they
are based on assumptions about the stimulus history of the
product that may not be true with respect to the particular unit
or product in the package on which the expiration date
appears. Specifically, manufacturers compute expiration
dates by assuming that the product will be kept within a
specified stimulus range during the product’s useful life. The
manufacturer cannot always predict or control, however, the
stimulus exposure of a product through each step of the sup-
ply chain that delivers the product to the consumer. If the
product is actually exposed to a stimulus higher than those on
which the expiration date is based, the perishable product
may degrade or spoil before the printed expiration date. When
this happens, the expiration date may mislead the consumer
into believing that the perishable product is still usable when,
in fact, its useful life has lapsed.

Marking a stimulus sensitive product with an expiration
date is useful nonetheless, because often a visual inspection
of the perishable product does not warn a potential user that
the exposure of the product to a harmful stimulus has caused
it to degrade or spoil. Although there are certain time-stimu-
lus indicators currently available, most are focused on tem-
perature, and not on the other types of stimuli. Additionally,
many of these time-temperature indicators require the active
agents to be kept separate from one another until the indicator
is attached to the product it is monitoring. If the active ingre-
dients are not kept separate they will begin to interact prema-
turely, thereby giving a premature indication of spoilage. As
a result, these types of indicators require manual activation,
but manual activation is not always feasible when the indica-
tor is being used with a product that is mass-produced in
high-volume.

It is also well known that certain polymer gels exhibit
reversible phase transition in that they reversibly swell and
collapse (i.e., expand and shrink) upon exposure to and
removal of predetermined stimuli. By way of example only, a
swollen stimulus sensitive gel can be made to undergo its
phase transition and shrink upon decreasing its temperature
below its predetermined temperature (i.e., its predetermined
stimulus or its trigger stimulus). Typically, once the gel has
undergone its phase transition and collapsed or shrunk in
volume, that shrunken stimulus sensitive gel can be made to
expand or swell again by removing the predetermined stimu-
lus (i.e., increase the temperature of the shrunken stimulus
sensitive gel to or past the temperature that caused it to col-
lapse or shrink). Accordingly, it is necessary to develop indi-
cating devices with irreversibility built into the stimulus sen-
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sitive or stimulus indicating or stimulus reactive operation of
the indicator. Such irreversibility would provide a permanent
indication of exposure to a predetermined stimulus, regard-
less of whether the predetermined stimulus is later removed.

Thus, there is a need for an indicator that indicates when a
stimulus sensitive product has been exposed to a deleterious
stimulus extreme (i.e., a predetermined stimulus). There is
also a need for an indicator that indicates when a stimulus
sensitive product has been exposed to a deleterious stimulus
extreme (i.e., a predetermined stimulus) for a predetermined
amount of time.

SUMMARY OF THE INVENTION

The present invention includes, for example, a stimulus
indicator device, which substantially overcomes one or more
of the above-mentioned problems arising from limitations
and disadvantages of the related art.

1. Embodiments with Single Compartment with
Non-Reversible Gel

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
embodied and broadly described, and as shown, for example,
in FIG. 1A and FIG. 1B, one preferred embodiment of the
invention may be a single compartment device, with the
single compartment containing a stimulus sensitive gel that
undergoes its phase transition upon exposure to a predeter-
mined stimulus, and containing an indicator spot.

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of'its use as it undergoes its phase transition, it will
collapse or shrink, thereby uncovering the indicator spot.
Alternatively, the stimulus sensitive gel could start out col-
lapsed or shrunken, but upon exposure to its predetermined
stimulus it would permanently expand or swell and cover the
indicator spot. By way of example only and as disclosed
herein and in prior applications, a stimulus sensitive gel may
be of the “Upper Critical Solution Temperature” or UCST
type or of the “Lower Critical Solution Temperature” or
LCST type gel. As one of ordinary skill in the art will appre-
ciate, a UCST type stimulus sensitive gel may be used when
one wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is heated beyond a predetermined
stimulus, and thereby cover a previously uncovered indicator
spot. A UCST type stimulus sensitive gel may also be used
when it is desired to have an initially swollen stimulus sensi-
tive gel collapse or shrink when it is cooled beyond a prede-
termined stimulus, and thereby reveal an indicator spot. Alter-
natively, an LCST type stimulus sensitive gel may be used
when one wishes to have an initially shrunken stimulus sen-
sitive gel expand or swell when it is cooled beyond a prede-
termined stimulus, and thereby cover an indicator spot. An
LCST type stimulus sensitive gel may also be used when it is
desired to have an initially swollen stimulus sensitive gel
collapse or shrink when it is heated beyond a predetermined
stimulus, and thereby reveal an indicator spot.

For purposes of disclosing this preferred embodiment and
by way of example only, this preferred embodiment may be
initially expanded or swollen, and permanently collapses or
shrinks upon exposure to its predetermined stimulus. An indi-
cator window may be provided through which a color change
may be seen as a result of the swollen stimulus-sensitive gel
undergoing its phase transition in reaction to a predetermined
stimulus (i.e., the volume of the stimulus sensitive gel
changes by collapsing or shrinking in reaction to the prede-
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termined stimulus). Specifically, as the swollen stimulus-
sensitive gel collapses or shrinks in response to the predeter-
mined stimulus, the indicator spot contained in the first
compartment may be revealed, and this change in color due to
the revealing of the indicator spot may be viewed through the
indicator window. By way of example only, as the stimulus-
sensitive gel collapses or shrinks it may reveal the indicator
spot contained in the first compartment. As the stimulus sen-
sitive gel collapses or shrinks in response to the predeter-
mined stimulus, a liquid and/or constituent parts within the
stimulus sensitive gel may be expelled into the first compart-
ment.

Notably, this exemplary preferred embodiment of this
invention may not follow the typical reversibility pattern of a
stimulus sensitive gel (i.e., the collapsed or shrunken stimulus
sensitive gel of this preferred embodiment may not expand or
swell back to or near its original volume when the predeter-
mined stimulus is removed) because so long as the shrunken
stimulus sensitive gel is maintained in a system that is closed
to tangible substances (i.e., the shrunken stimulus sensitive
gel and the liquid surrounding it are contained in a sealed
compartment that prevents any liquids or constituent parts
from passing into or out of that sealed compartment), but is
open to intangible stimuli (i.e., the sealed compartment
allows stimuli that cause the stimulus sensitive gel to undergo
a phase transition to pass in and out of the sealed compart-
ment), the shrunken stimulus sensitive gel may not expand or
swell back to its original size, even when the predetermined
stimulus is removed (by way of example only, even if the
subsequent temperature of the shrunken stimulus sensitive
gel far exceeds the temperature at which the same stimulus
sensitive gel collapsed or shrunk in reaction to that predeter-
mined stimulus when it was swollen).

For example, the stimulus sensitive gel of this preferred
embodiment may only undergo its reverse phase transition
and return to its original volume when: i) the predetermined
stimulus is removed; and ii) the sealed compartment in which
the stimulus sensitive gel is contained is no longer closed to
tangible substances. By way of example only, if the predeter-
mined stimulus is removed and the acetone-water mixture
inside the polymer matrix of the shrunken stimulus sensitive
gel of the preferred embodiment is replaced with pure dis-
tilled and deionized water, the shrunken stimulus sensitive gel
may undergo its reverse phase transition and may, for
example, expand or swell back to its original swollen stimulus
sensitive gel volume.

By way of example only, if the swollen stimulus sensitive
gel of the preferred embodiment collapses or shrinks in
response to a predetermined stimulus of a temperature drop-
ping below 2° C., that shrunken stimulus sensitive gel may not
expand or swell back to or near its original volume or size
even when the temperature of the shrunken stimulus sensitive
gel is increased to ambient temperature (25° C. or 77° F.) or
higher for a period of months.

Because of the method of manufacture of the stimulus
sensitive gel in this preferred embodiment, the shrunken
stimulus sensitive gel may remain collapsed or shrunken so
long as the system remains closed (i.e., no liquid or constitu-
ent parts are withdrawn from the first compartment nor are
they inserted into the first compartment). Thus, the collapsed
or shrunken gel may be unable to expand or swell when the
predetermined trigger stimulus (by way of example only, if
the temperature of the stimulus sensitive gel goes below 2°
C.) is removed. Accordingly, the indicator spot that is visible
upon the collapsing or shrinking of the previously swollen
stimulus sensitive gel may now be permanently visible due to
the shrunken stimulus sensitive gel being permanently col-
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lapsed or shrunken in volume. It will be appreciated that the
embodiment discussed herein teaching the stimulus sensitive
gel as containing acetone and water as constituent parts is
illustrative only, and those constituent parts could be replaced
by any other fluids and/or constituent parts that work for the
same purpose, such as mixtures of ethanol and water, or
mixtures of water and other non-polar solvents, polar sol-
vents, etc.

It should be noted that the predetermined temperature dis-
cussed herein that causes the stimulus sensitive gel to undergo
its phase transition is only one example of a predetermined
stimulus or trigger stimulus that may cause the inventive
stimulus sensitive gel to undergo its phase transition. For
example, the swollen stimulus sensitive gel of this preferred
embodiment may trigger or undergo its phase transition upon
exposure to a predetermined stimulus such as a predeter-
mined pH level, or the swollen stimulus sensitive gel of this
preferred embodiment may, for example, trigger or undergo
its phase transition upon exposure to a predetermined level of
electromagnetic radiation.

The single compartment of the preferred embodiment con-
taining the stimulus sensitive gel may be formed by the back-
ing layer on the bottom of the device and an upper layer (also
referred to herein as the top layer) on the top of the stimulus
indicating device. The top layer of the stimulus indicating
device may be formed by at least the indicator window and the
top portion of the top layer. Both the backing layer and the
upper layer may be constructed of a strong, resilient leak-
proof material, such as plastic or other polymer material, so as
to provide for the twisting or bending that might occur during
transportation of or application to the stimulus sensitive prod-
uct without tearing, breaking or leaking. The backing layer
and the upper layer may also be made of a material that
preferably allows them to be joined and sealed together, such
as by heat stamping or other suitable means. The backing
layer and the upper layer may both approximate the length
and width of the compartment, although variations in these
dimensions are within the scope of various examples of the
present invention. The upper layer may preferably be made of
aclear material, such as plastic, so that the user of the stimulus
indicating device may view at least some portion of the back-
ing material or color changing absorbent material. The upper
layer may also be able to accept paint or ink so as to allow for
coloring or concealing at least some portion of the first com-
partment.

Although at least some portion of the upper layer may also
accept paint or ink for coloring, it may be preferable that the
indicator window portion of the upper layer remain free from
ink or coloring so that the user of the stimulus indicating
device may observe the first compartment through the indi-
cator window as explained herein. The backing layer may
also be able to accept paste, glue or other suitable adhesive on
the surface not facing the first compartment, so as to allow it
to be attached to a stimulus sensitive product.

Preferably the stimulus sensitive gel may be attached at an
attachment point that may be preferably located opposite the
location of the indicator window. This way, the stimulus
sensitive gel may, for example, be secured to one location and
may not float or move within the first compartment and cover
up the indicator spot at any time.

2. Embodiments with Single Compartment and
Silica

To achieve these and other advantages and in accordance
with the purpose of various embodiments of the invention, as
embodied and broadly described, and as shown in FIG. 3A
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and FIG. 3B, another embodiment of the invention may be a
single compartment device, with the single or first compart-
ment containing a stimulus sensitive gel and an absorbent
material, such as hygroscopic silica or an equivalent absor-
bent material that has an affinity for and permanently binds to
the liquid and or constituent parts expelled from the stimulus
sensitive gel (such as sodium polyacrylate or a polyacryla-
mide derivatives).

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of its use as it undergoes its phase transition, it may
collapse or shrink, thereby uncovering the indicator spot.
Alternatively, the stimulus sensitive gel may start out col-
lapsed or shrunken, but upon exposure to its predetermined
stimulus it may permanently expand or swell and cover the
indicator spot. By way of example only and as disclosed
herein and in prior applications, a stimulus sensitive gel may
be of the UCST type or of the LCST type. As one of ordinary
skill in the art will appreciate, a UCST type stimulus sensitive
gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
heated beyond a predetermined stimulus, and thereby cover
an indicator spot. A UCST type stimulus sensitive gel may
also be used when it is desired to have an initially swollen
stimulus sensitive gel collapse or shrink when it is cooled
beyond a predetermined stimulus, and thereby reveal an indi-
cator spot. Alternatively, an LCST type stimulus sensitive gel
may be used when one wishes to have an initially shrunken
stimulus sensitive gel expand or swell when it is cooled
beyond a predetermined stimulus, and thereby cover an indi-
cator spot. An LCST type stimulus sensitive gel may also be
used when it is desired to have an initially swollen stimulus
sensitive gel collapse or shrink when it is heated beyond a
predetermined stimulus, and thereby reveal an indicator spot.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may, for
example, be initially expanded or swollen, and may perma-
nently collapse or shrink upon exposure to its predetermined
stimulus. An indicator window may be provided through
which a color change may be seen as a result of the swollen
stimulus sensitive gel undergoing its phase transition in reac-
tion to a predetermined stimulus (i.e., the volume of the
stimulus sensitive gel changes by collapsing or shrinking in
reaction to the predetermined stimulus). Specifically, as the
swollen stimulus sensitive gel collapses or shrinks in
response to the predetermined stimulus, the indicator spot
may be revealed, and this change in color due to the revealing
of the indicator spot may be viewed through the indicator
window. By way of example only, as the stimulus sensitive gel
collapses or shrinks it may reveal the indicator spot.

As the stimulus sensitive gel collapses or shrinks in
response to the predetermined stimulus, a liquid and/or con-
stituent parts within the stimulus sensitive gel may, for
example, be expelled into the first compartment and may then
be absorbed and permanently trapped or held by the absor-
bent material. Trapping and/or binding the expelled liquid
and/or constituent parts in the absorbent material may result
in a constant volume of freely available expelled liquid and
constituent parts as well as stimulus sensitive gel in the single
compartment from that point forward. And because the
shrunken stimulus sensitive gel may not access the expelled
liquid and/or constituent parts absorbed by the absorbent
material, the shrunken stimulus sensitive gel may be pre-
vented from undergoing its reverse phase transition and re-
expanding or re-swelling to its original or near original vol-
ume when the predetermined stimulus is removed.
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The absorbent material may, for example, be selected to
ensure that it has an affinity for the liquid and/or constituent
parts expelled from the swollen stimulus sensitive gel as the
swollen stimulus sensitive gel undergoes its phase transition.
Moreover, the absorbent material may permanently bind to
and trap the expelled liquid and/or constituent parts. By way
of' example only, if the expelled liquid were water, the absor-
bent material may be a silica gel. Because some or all of the
volume of expelled liquid available to interact with the col-
lapsed or shrunken gel may be fixed or constant due to the
expelled liquid being bound to and/or trapped by the absor-
bent material, the collapsed or shrunken gel may be perma-
nently prevented from re-expanding and re-covering the indi-
cator spot, even when the predetermined stimulus condition is
removed. In this way the stimulus indicating device may
permanently show that it, and the stimulus sensitive product
attached to it, had been exposed to a deleterious predeter-
mined stimulus.

The single compartment of this alternative embodiment
containing the stimulus sensitive gel may, for example, be
formed by the backing layer on the bottom of the device and
an upper layer on the top of the stimulus indicating device.
Thetop layer of the stimulus indicating device may be formed
by at least the indicator window and the top portion of the top
layer. Both the backing layer and the upper layer may, for
example, be constructed of a strong, resilient leak-proof
material, such as plastic or other polymer material, so as to
provide for the twisting or bending that might occur during
transportation of or application to the stimulus sensitive prod-
uct without tearing, breaking or leaking. The backing layer
and the upper layer may also be made of a material that
preferably allows them to be joined and sealed together, such
as by heat stamping or other suitable means. The backing
layer and the upper layer may both approximate the length
and width of the compartment, although variations in these
dimensions are within the scope of certain embodiments of
the present invention. The upper layer may preferably be
made of a clear material, such as plastic, so that the user of the
stimulus indicating device may view at least some portion of
the backing material or color changing absorbent material.
The upper layer may also be able to accept paint or ink so as
to allow for coloring or concealing at least some portion of the
first compartment.

Although at least some portion of the upper layer may also
accept paint or ink for coloring, it is preferable that the indi-
cator window portion of the upper layer remain free from ink
or coloring so that the user of the stimulus indicating device
may observe the first compartment through the indicator win-
dow as explained herein. The backing layer may, for example,
also be able to accept paste, glue or other suitable adhesive on
the surface not facing the first compartment, so as to allow it
to be attached to a stimulus sensitive product.

Preferably the stimulus sensitive gel may be attached at an
attachment point that is preferably located opposite the loca-
tion of the indicator window. This way, the stimulus sensitive
gel may, for example, be secured to one location and may not
float or move within the first compartment and cover up the
indicator spot at any time.

3. Embodiments with Permeable Membrane

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
embodied and broadly described and as shown in FIG. 4A and
FIG. 4B, another alternative embodiment of the invention
may, for example, be a multi-compartment device that
includes at least a first compartment and a second compart-
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ment that are separated by a permeable membrane, which
allows a liquid to pass through it in either direction. The first
compartment may contain an indicator spot, a stimulus sen-
sitive gel and a display portion or indicator window that
allows the user of the stimulus sensitive device to see a color
change occur when the stimulus sensitive gel is exposed to a
predetermined stimulus, such exposure causing the stimulus
sensitive gel to undergo its phase transition. As a result of the
stimulus sensitive gel reacting to the predetermined stimulus,
it undergoes its phase transition, causing the volume of the
stimulus sensitive gel to change in that it collapses or shrinks,
or alternatively the stimulus sensitive gel expands or swells.

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of its use as it undergoes its phase transition, it may
collapse or shrink, thereby uncovering the indicator spot.
Alternatively, the stimulus sensitive gel may start out col-
lapsed or shrunken, but upon exposure to its predetermined
stimulus it may permanently expand or swell and cover the
indicator spot. By way of example only and as disclosed
herein and in prior applications, a stimulus sensitive gel may
be of the UCST type or of the LCST type. As one of ordinary
skill in the art will appreciate, a UCST type stimulus sensitive
gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
heated beyond a predetermined stimulus, and thereby cover
an indicator spot. A UCST type stimulus sensitive gel may
also be used when it is desired to have an initially swollen
stimulus sensitive gel collapse or shrink when it is cooled
beyond a predetermined stimulus, and thereby reveal an indi-
cator spot. Alternatively, an LCST type stimulus sensitive gel
may be used when one wishes to have an initially shrunken
stimulus sensitive gel expand or swell when it is cooled
beyond a predetermined stimulus, and thereby cover an indi-
cator spot. An LCST type stimulus sensitive gel may also be
used when it is desired to have an initially swollen stimulus
sensitive gel collapse or shrink when it is heated beyond a
predetermined stimulus, and thereby reveal an indicator spot.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may be
initially expanded or swollen, and permanently collapses or
shrinks upon exposure to its predetermined stimulus. Anindi-
cator window may be provided through which a color change
can be seen as a result of the swollen stimulus sensitive gel
undergoing its phase transition in reaction to a predetermined
stimulus (i.e., the volume of the stimulus sensitive gel
changes by collapsing or shrinking in reaction to the prede-
termined stimulus). Specifically, as the swollen stimulus sen-
sitive gel collapses or shrinks in response to the predeter-
mined stimulus, the indicator spot contained in the first
compartment may be revealed, and this change in color due to
the revealing of the indicator spot can be viewed through the
indicator window. By way of example only, as the stimulus
sensitive gel collapses or shrinks it may reveal the indicator
spot contained in the first compartment. As the stimulus sen-
sitive gel collapses or shrinks in response to the predeter-
mined stimulus, a liquid and/or constituent parts within the
stimulus sensitive gel may be expelled into the first compart-
ment, and pass into the second compartment though the per-
meable membrane that separates the at least two compart-
ments.

Because the permeable membrane separating the at least
two compartment embodiment may allow the expelled liquid
and/or constituent parts to pass in both directions, the
expelled liquid and/or constituent parts may, for example,
subsequently pass back into the first compartment. And when
the predetermined stimulus is removed, the shrunken stimu-



US 9,182,292 B2

9

lus sensitive gel may then have the ability to reabsorb the
previously expelled liquid once the predetermined stimulus is
removed, thereby expanding or swelling to its original or near
original volume. In doing so, the now re-swollen stimulus
sensitive gel may cover up the indicator spot. Accordingly, the
second compartment may preferably contain an absorbent
material that has an affinity for the expelled liquid and/or
constituent parts (as described herein or as understood in the
art), so as to permanently bind to and trap the expelled liquid
and/or constituent parts in the second compartment. By way
of' example only, if the expelled liquid were water, the absor-
bent material may be a silica gel.

Trapping the expelled liquid in the second compartment
with the absorbent material may result in a constant or fixed
volume of liquid and gel in the first compartment from that
point forward. Because the volume of liquid and gel in the
first compartment may be fixed due to the expelled liquid
and/or constituent parts being trapped in the second compart-
ment by the absorbent material, the collapsed or shrunken
stimulus sensitive gel may be permanently prevented from
re-expanding and re-covering the indicator spot even when
the predetermined stimulus condition is removed. In this way
the stimulus indicating device may permanently show that it,
and the stimulus sensitive product attached to it, had been
exposed to a deleterious predetermined stimulus.

The at least two compartments of this alternative embodi-
ment may, for example, be formed by the backing layer on the
bottom of the device and an upper layer on the top of the
stimulus indicating device. The top layer of the stimulus
indicating device may be formed by at least the indicator
window and the top portion of the top layer. Both the backing
layer and the upper layer may, for example, be constructed of
a strong, resilient leak-proof material, such as plastic or other
polymer material, so as to provide for the twisting or bending
that might occur during transportation of or application to the
stimulus sensitive product without tearing, breaking or leak-
ing. The backing layer and the upper layer may also be made
of a material that preferably allows them to be joined and
sealed together, such as by heat stamping or other suitable
means. The backing layer and the upper layer may both
approximate the length and width of the compartment,
although variations in these dimensions are within the scope
of certain embodiments of the present invention. The upper
layer may preferably be made of a clear material, such as
plastic, so that the user of the stimulus indicating device can
view at least some portion of the backing material or color
changing absorbent material. The upper layer may also be
able to accept paint or ink so as to allow for coloring or
concealing at least some portion of the first compartment.

Although at least some portion of the upper layer may also
accept paint or ink for coloring, it is preferable that the indi-
cator window portion of the upper layer remain free from ink
or coloring so that the user of the stimulus indicating device
may observe the first compartment through the indicator win-
dow as explained herein. The backing layer may, for example,
also be able to accept paste, glue or other suitable adhesive on
the surface not facing the first compartment, so as to allow it
to be attached to a stimulus sensitive product.

Preferably the stimulus sensitive gel may be attached at an
attachment point that is preferably located opposite the loca-
tion of the indicator window. This way, the stimulus sensitive
gel may be secured to one location and cannot float or move
within the first compartment and cover up the indicator spot at
any time.

4. Embodiments with Semi-Permeable Membrane

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
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embodied and broadly described and as shown in FIG. 5A and
FIG. 5B, another alternative embodiment of the invention
may be a multi-compartment device that includes at least a
first compartment and a second compartment that are sepa-
rated by a semi-permeable membrane, which only allows a
certain liquid to pass through it in only one direction. The first
compartment may, for example, contain an indicator spot, a
stimulus sensitive gel and a display portion or indicator win-
dow that allows the user of the stimulus sensitive device to see
a color change occur when the stimulus sensitive gel is
exposed to a predetermined stimulus, such exposure causing
the stimulus sensitive gel to undergo its phase transition. As a
result of the stimulus sensitive gel reacting to the predeter-
mined stimulus, it may undergo its phase transition, causing
the volume of the stimulus sensitive gel to change in that it
collapses or shrinks.

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of its use as it undergoes its phase transition, it may
collapse or shrink, thereby uncovering the indicator spot.
Alternatively, the stimulus sensitive gel may start out col-
lapsed or shrunken, but upon exposure to its predetermined
stimulus it may permanently expand or swell and cover the
indicator spot. By way of example only and as disclosed
herein and in prior applications, a stimulus sensitive gel may
be of the UCST type or of the LCST type. As one of ordinary
skill in the art will appreciate, a UCST type stimulus sensitive
gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
heated beyond a predetermined stimulus, and thereby cover
an indicator spot. A UCST type stimulus sensitive gel may
also be used when it is desired to have an initially swollen
stimulus sensitive gel collapse or shrink when it is cooled
beyond a predetermined stimulus, and thereby reveal an indi-
cator spot. Alternatively, an LCST type stimulus sensitive gel
may be used when one wishes to have an initially shrunken
stimulus sensitive gel expand or swell when it is cooled
beyond a predetermined stimulus, and thereby cover an indi-
cator spot. An LCST type stimulus sensitive gel may also be
used when it is desired to have an initially swollen stimulus
sensitive gel collapse or shrink when it is heated beyond a
predetermined stimulus, and thereby reveal an indicator spot.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may be
initially expanded or swollen, and permanently collapses or
shrinks upon exposure to its predetermined stimulus. Anindi-
cator window may, for example, be provided through which a
color change can be seen as a result of the swollen stimulus
sensitive gel undergoing its phase transition in reaction to a
predetermined stimulus (i.e., the volume of the stimulus sen-
sitive gel changes by collapsing or shrinking in reaction to the
predetermined stimulus). Specifically, as the swollen stimu-
lus sensitive gel collapses or shrinks in response to the pre-
determined stimulus, the indicator spot contained in the first
compartment may be revealed, and this change in color due to
the revealing of the indicator spot may be viewed through the
indicator window. By way of example only, as the stimulus
sensitive gel collapses or shrinks it may reveal the indicator
spot contained in the first compartment. As the stimulus sen-
sitive gel collapses or shrinks in response to the predeter-
mined stimulus, a liquid and/or constituent parts within the
stimulus sensitive gel may be expelled into the first compart-
ment, and pass into the second compartment through the
semi-permeable membrane that separates the at least two
compartments.

Because the semi-permeable membrane only allows the
expelled liquid and/or constituent parts to pass in one direc-
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tion, the expelled liquid and/or constituent parts may be
trapped outside the first compartment, preferably in the sec-
ond compartment, resulting in a constant volume of liquid
and gel in the first compartment from that point forward.
Alternatively, the second compartment may also contain an
absorbent material that has an affinity for the expelled liquid
(as described herein or as understood in the art), so as to
permanently bind to and trap the expelled liquid and/or con-
stituent parts in the second compartment. By way of example
only, if the expelled liquid were water, the absorbent material
may be a silica gel.

Trapping the expelled liquid in the second compartment
with the semi-permeable membrane alone or in combination
with the absorbent material may result in a constant or fixed
volume of liquid and gel in the first compartment from that
point forward. Because the volume of liquid and gel in the
first compartment may be fixed due to the expelled liquid
and/or constituent parts being trapped in the second compart-
ment by the semi-permeable membrane alone or in combina-
tion with absorbent material, the collapsed or shrunken stimu-
lus sensitive gel may be permanently prevented from
re-expanding and re-covering the indicator spot, even when
the predetermined stimulus condition is removed. In this way
the stimulus indicating device may permanently show that it,
and the stimulus sensitive product attached to it, had been
exposed to a deleterious predetermined stimulus.

The at least two compartments of this alternative embodi-
ment may, for example, be formed by the backing layer on the
bottom of the device and an upper layer on the top of the
stimulus indicating device. The top layer of the stimulus
indicating device may be formed by at least the indicator
window and the top portion of the top layer. Both the backing
layer and the upper layer may, for example, be constructed of
a strong, resilient leak-proof material, such as plastic or other
polymer material, so as to provide for the twisting or bending
that might occur during transportation of or application to the
stimulus sensitive product without tearing, breaking or leak-
ing. The backing layer and the upper layer may also be made
of a material that preferably allows them to be joined and
sealed together, such as by heat stamping or other suitable
means. The backing layer and the upper layer may both
approximate the length and width of the compartment,
although variations in these dimensions are within the scope
of certain embodiments of the present invention. The upper
layer may preferably be made of a clear material, such as
plastic, so that the user of the stimulus indicating device can
view at least some portion of the backing material or color
changing absorbent material. The upper layer may also be
able to accept paint or ink so as to allow for coloring or
concealing at least some portion of the first compartment.

Although at least some portion of the upper layer may also
accept paint or ink for coloring, it may be preferable that the
indicator window portion of the upper layer remain free from
ink or coloring so that the user of the stimulus indicating
device may observe the first compartment through the indi-
cator window as explained herein. The backing layer may, for
example, also be able to accept paste, glue or other suitable
adhesive on the surface not facing the first compartment, so as
to allow it to be attached to a stimulus sensitive product.

Preferably the stimulus sensitive gel is attached at an
attachment point that may be preferably located opposite the
location of the indicator window. This way, the stimulus
sensitive gel may be secured to one location and cannot float
or move within the first compartment and cover up the indi-
cator spot at any time.

5. Embodiments with Constricting Portion

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
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embodied and broadly described and as shown in FIG. 6 A and
FIG. 6B, another alternative embodiment of the invention
may be a multi-compartment device that may include at least
a first compartment and a second compartment that are sepa-
rated by a constricting portion or neck portion. By way of
example only, this constricting portion is described herein
and in prior applications as a nozzle portion, a neck portion, a
constricting portion, or any combination thereof. Prior to
exposure to a predetermined stimulus, in this embodiment a
stimulus sensitive gel may be contained in either: i) only the
first compartment; ii) only the second compartment; or iii)
both the first compartment and the second compartment. This
type of stimulus sensitive gel and its location in the first,
second or both compartments may, for example, be dependant
on the application of the stimulus indicator device.

As one of ordinary skill in the art will appreciate, a UCST
type stimulus sensitive gel may be used when one wishes to
have an initially shrunken stimulus sensitive gel expand or
swell when it is heated beyond a predetermined stimulus, and
thereby cover an indicator spot. A UCST type stimulus sen-
sitive gel may also be used when it is desired to have an
initially swollen stimulus sensitive gel collapse or shrink
when it is cooled beyond a predetermined stimulus, and
thereby reveal an indicator spot. Alternatively, an LCST type
stimulus sensitive gel may be used when one wishes to have
an initially shrunken stimulus sensitive gel expand or swell
when it is cooled beyond a predetermined stimulus, and
thereby cover an indicator spot. An LCST type stimulus sen-
sitive gel may also be used when it is desired to have an
initially swollen stimulus sensitive gel collapse or shrink
when it is heated beyond a predetermined stimulus, and
thereby reveal an indicator spot.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may be
initially expanded or swollen, and permanently collapses or
shrinks upon exposure to its predetermined stimulus. Anindi-
cator window may be provided through which a color change
can be seen as a result of the swollen stimulus sensitive gel
undergoing its phase transition in reaction to a predetermined
stimulus (i.e., the volume of the stimulus sensitive gel
changes by collapsing or shrinking in reaction to the prede-
termined stimulus). Specifically, as the swollen stimulus sen-
sitive gel collapses or shrinks in response to the predeter-
mined stimulus, the indicator spot contained in the first
compartment may be revealed, and this change in color due to
the revealing of the indicator spot in the first compartment
may, for example, be viewed through the indicator window.
As the stimulus sensitive gel collapses or shrinks in response
to the predetermined stimulus and passes out of the first
compartment so as to collect in the second compartment, the
constricting portion or neck portion keeps the shrunken
stimulus sensitive gel away from the somewhat or fully
revealed indicator spot.

By way of example only, a display portion may be provided
through which a color change can be seen when the stimulus
sensitive gel is exposed to a predetermined stimulus, thereby
causing the stimulus sensitive gel to undergo its phase tran-
sition. As a result of the stimulus sensitive gel undergoing its
phase transition in response to the predetermined stimulus,
the volume of the stimulus sensitive gel may change and
reveal or cover the indicator spot positioned in the first com-
partment. By way of example only, although the descriptions
herein of this alternative embodiment employing a neck por-
tion describe a stimulus sensitive gel that collapses to reveal
an indicator spot it is for explanatory purposes only and is not
intended in anyway to be limiting. In the preferred version of
this alternative embodiment, as the swollen stimulus sensitive
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gel collapses or shrinks in response to the predetermined
stimulus, a liquid within the stimulus sensitive gel may be
expelled throughout the at least first compartment and second
compartment. As the stimulus sensitive gel collapses or
shrinks, it may withdraw from the first compartment contain-
ing an indicator spot, which may preferably be located below
the indicator window. As the stimulus sensitive gel withdraws
from the first compartment, it passes through the constricting
or neck portion that connects the first compartment and sec-
ond compartment.

Because of the shape of the constricting or neck portion,
once the stimulus sensitive gel has begun to collect outside the
first compartment, the constricting or neck portion perma-
nently prevents the stimulus sensitive gel from re-entering the
first compartment and re-covering the indicator spot when the
predetermined stimulus is removed. In this way the stimulus
indicating device permanently shows that it, and the stimulus
sensitive product attached to it, had been exposed to a delete-
rious predetermined stimulus. In a more particular version of
this embodiment, the neck portion may, for example, have
angled ribs or teeth that allow the collapsing or shrinking gel
to move out of the first compartment but aid in preventing the
gel from moving back into the first compartment. These
angled ribs or teeth may operate on the same principle used by
a snake or shark when it feeds—its teeth are angled backward
so that the food (in regard to certain embodiments of the
present invention, the collapsing or shrinking stimulus sensi-
tive gel) may move easily in the desired direction, but is
prevented from moving in the opposite direction.

The at least two compartments of this alternative embodi-
ment may, for example, be formed by the backing layer on the
bottom of the device and an upper layer on the top of the
stimulus indicating device. The top layer of the stimulus
indicating device may be formed by at least the indicator
window and the top portion of the top layer. Both the backing
layer and the upper layer may, for example, be constructed of
a strong, resilient leak-proof material, such as plastic or other
polymer material, so as to provide for the twisting or bending
that might occur during transportation of or application to the
stimulus sensitive product without tearing, breaking or leak-
ing. The backing layer and the upper layer may also be made
of a material that preferably allows them to be joined and
sealed together, such as by heat stamping or other suitable
means. The backing layer and the upper layer may both
approximate the length and width of the compartment,
although variations in these dimensions are within the scope
of certain embodiments of the present invention. The upper
layer may preferably be made of a clear material, such as
plastic, so that the user of the stimulus indicating device can
view at least some portion of the backing material or color
changing absorbent material. The upper layer may also be
able to accept paint or ink so as to allow for coloring or
concealing at least some portion of the first compartment.

Although at least some portion of the upper layer may also
accept paint or ink for coloring, it is preferable that the indi-
cator window portion of the upper layer remain free from ink
or coloring so that the user of the stimulus indicating device
may observe the first compartment through the indicator win-
dow as explained herein. The backing layer may, for example,
also be able to accept paste, glue or other suitable adhesive on
the surface not facing the first compartment, so as to allow it
to be attached to a stimulus sensitive product.

Preferably the stimulus sensitive gel is attached at an
attachment point that may preferably be located opposite the
location of the indicator window. This way, the stimulus
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sensitive gel may be secured to one location and cannot float
or move within the first compartment and cover up the indi-
cator spot at any time.

6. Embodiments with Single Compartment with
Color Changing Material

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
embodied and broadly described, and as shown in FIG. 7A
and FIG. 7B, another alternative embodiment of the invention
may be a single compartment device, with the single com-
partment containing a stimulus sensitive gel and a color
changing absorbent material. Prior to exposure of the stimu-
lus indicating device to a predetermined stimulus, the color
changing absorbent material may be a first color, visible
through the indicator window or display portion.

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of its use as it undergoes its phase transition, it may
collapse or shrink, thereby causing a color changing absor-
bent material to change color. Alternatively, the stimulus sen-
sitive gel may start out collapsed or shrunken, but upon expo-
sure to its predetermined stimulus it may permanently expand
or swell and cause a color changing absorbent material to
change color. By way of example only and as disclosed herein
and in prior applications, a stimulus sensitive gel may be of
the UCST type or of the LCST type. As one of ordinary skill
in the art will appreciate, a UCST type stimulus sensitive gel
may be used when one wishes to have an initially shrunken
stimulus sensitive gel expand or sell when it is heated beyond
apredetermined stimulus, and thereby cause a color changing
absorbent material to change color. A UCST type stimulus
sensitive gel may also be used when it is desired to have an
initially swollen stimulus sensitive gel collapse or shrink
when it is cooled beyond a predetermined stimulus, and
thereby cause a color changing absorbent material to change
color. Alternatively, an LCST type stimulus sensitive gel may
be used when one wishes to have an initially shrunken stimu-
lus sensitive gel expand or sell when it is cooled beyond a
predetermined stimulus, and thereby cause a color changing
absorbent material to change color. An LCST type stimulus
sensitive gel may also be used when it is desired to have an
initially swollen stimulus sensitive gel collapse or shrink
when it is heated beyond a predetermined stimulus, and
thereby may cause a color changing absorbent material to
change color.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may
initially be expanded or swollen, and permanently collapses
or shrinks upon exposure to its predetermined stimulus. An
indicator window may be provided through which a color
change can be seen as a result of the swollen stimulus sensi-
tive gel undergoing its phase transition in reaction to a pre-
determined stimulus (i.e., the volume of the stimulus sensitive
gel changes by collapsing or shrinking in reaction to the
predetermined stimulus). Specifically, as the swollen stimu-
lus sensitive gel collapses or shrinks in response to the pre-
determined stimulus, it may expel the liquid and/or constitu-
ent parts contained in the matrix of the stimulus sensitive gel.
This expelled liquid and/or constituent parts subsequently
may come into contact with the color changing absorbent
material, causing it to undergo a color change which may be
viewed through the indicator window.

The single compartment of the alternative embodiment
may, for example, be formed by the backing layer on the
bottom of the device and an upper layer on the top of the
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stimulus indicating device. The top layer of the stimulus
indicating device may be formed by at least the indicator
window and the top portion of the top layer. Both the backing
layer and the upper layer may, for example, be constructed of
a strong, resilient leak-proof material, such as plastic or other
polymer material, so as to provide for the twisting or bending
that might occur during transportation of the stimulus sensi-
tive product without tearing, breaking or leaking. The back-
ing layer and the upper layer may also be made of a material
that preferably allows them to be joined and sealed together,
such as by heat stamping or other suitable means. The backing
layer and the upper layer may both approximate the length
and width of the compartment, although variations in these
dimensions are within the scope of certain embodiments of
the present invention. The upper layer may preferably be
made of a clear material, such as plastic, so that the user of the
stimulus indicating device can view at least some portion of
the backing material or color changing absorbent material.
The upper layer may also be able to accept paint or ink so as
to allow for coloring or concealing at least some portion of the
first compartment.

Although at least some portion of the upper layer may also
accept paint or ink for coloring, it is preferable that the indi-
cator window portion of the upper layer remain free from ink
or coloring so that the use of the stimulus indicating device
can observe the first compartment through the indicator win-
dow as explained herein. The backing layer may also be able
to accept paste, glue or other suitable adhesive on the surface
not facing the first compartment, so as to allow it to be
attached to a stimulus sensitive product.

Upon exposure of the stimulus sensitive gel to a predeter-
mined stimulus, the stimulus sensitive gel may undergo its
phase transition in reaction to the predetermined stimulus. As
the swollen stimulus sensitive gel undergoes its phase transi-
tion, the volume of the swollen stimulus sensitive gel may
change by collapsing or shrinking due at least to a portion of
the liquid contained in the polymer network being expelled.
Along with this liquid, at least some of the constituent parts
required for detection of unfavorable stimulus exposure,
which are incorporated into the polymer network during the
initial preparation, may be expelled as well.

By way of example only, the color changing absorbent
material may be divalent cation test paper, litmus paper or any
equivalent color changing absorbent material. What is impor-
tant is that the color changing absorbent material may, for
example, have: 1) an affinity for the liquid and constituent
parts contained in, and then expelled from, the stimulus sen-
sitive gel; and 2) that at least a portion of the color changing
absorbent material changes color upon coming into contact
with the expelled liquid and/or constituent parts. More spe-
cifically, at least some of the constituent parts carried by the
expelled liquid may permanently bind onto the color chang-
ing absorbent material so as to cause the color changing
absorbent material to change color so that even if the expelled
liquid is subsequently reabsorbed by the shrunken stimulus
sensitive gel when the predetermined stimulus is removed,
those constituent parts may remain bound or trapped in the
color changing absorbent material.

By way of example only, the constituent parts contained in
the polymer matrix of the swollen stimulus sensitive gel, and
then expelled along with and carried by the expelled liquid
until both come into contact with the color changing absor-
bent material, may be divalent cations (by way of example,
Mg>* or Ca*). More specifically, as the stimulus sensitive gel
undergoes its phase transition due to exposure to a predeter-
mined stimulus, the swollen stimulus sensitive gel may not
only expel the liquid contained in the polymer matrix, but
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may also expel the constituent parts, such as divalent cations
(by way of example only, Mg** or Ca*) also contained in the
polymer matrix of the swollen stimulus sensitive gel.

Then, when the expelled constituent parts (e.g., divalent
citations (by way of example only, Mg”* or Ca**)) carried by
the expelled liquid came into contact with the color changing
absorbent material, at least a portion of the color changing
absorbent material may not only change from a first color to
asecond color, but the constituent parts may also permanently
bind to the color changing absorbent material. It is important
that that the color changing absorbent materials be reactive to
the expelled constituent parts. Thus, because the constituent
parts in the preferred embodiment preferably consist of diva-
lent cations, the color changing absorbent material may pref-
erably be reactive to those divalent cations, and may include
by way of example only, divalent cationic paper. Examples of
such divalent cationic paper that may be used as the color
changing absorbent material includes a total-hardness indi-
cator paper or test stick that is available from Sigma-Aldrich
under the tradename QUANTOFIX®, is manufactured by
Macherey-Nagel under the trade name Aquador®, and that
changes color from blue to red upon coming into contact with
expelled liquid containing the constituent parts (by way of
example only, Mg>* or Ca®*). Preferably the color changing
absorbent material may operate in at least a semi-quantitative
capacity.

By the expelled constituent parts (e.g., divalent cations by
way of example only, Mg>* or Ca**) permanently binding to
the color changing absorbent material (e.g., by way of
example only, divalent cationic paper), even if the expelled
liquid were ultimately reabsorbed by the collapsed or
shrunken stimulus sensitive gel so as to become a partially or
fully re-swollen stimulus sensitive gel, the expelled constitu-
ent parts may remain permanently bound to the color chang-
ing absorbent material or cationic paper, and the color chang-
ing absorbent material (by way of example only cationic
paper) may remain permanently colored the second color.

Although the alternative embodiment discussed herein
employs divalent cation test paper as the color changing
absorbent material, alternative color changing absorbent
materials may also be used, so long as they are reactive to the
expelled constituent parts. By way of example only, the liquid
held in the polymer matrix of the swollen stimulus sensitive
gel may contain protons (H>*). And as the swollen stimulus
sensitive gel undergoes its phase transition due to exposure to
apredetermined stimulus, the liquid may not only be expelled
from the swollen stimulus sensitive gel, but the H* may also
be expelled along with that liquid. Then when the expelled
constituent parts (by way of example, only H*) contained in
the expelled liquid subsequently come into physical contact
with the color changing absorbent material, such as litmus
paper (by way of example only, H* concentration indicator),
at least a portion of the color changing absorbent material
may react to the expelled constituent parts (by way of
example only, H"), and change from a first color to a second
color. Such litmus paper that is suitable for use as a color
changing absorbent material may include, by way of example
only, the pH-indicator strips manufactured by EMD Chemi-
cals Inc. What is important is that the litmus paper changes
from a first color to a second color upon coming into contact
with the constituent parts.

In addition to changing from a first color to a second color,
the expelled constituent parts (by way of example only, H*)
may permanently bind to the color changing absorbent mate-
rial. Accordingly, even if the expelled liquid were ultimately
reabsorbed by the collapsed or shrunken stimulus sensitive
gel, so as to become a partially or fully re-swollen stimulus



US 9,182,292 B2

17

sensitive gel, the expelled constituent parts (by way of
example only, H") may remain permanently bound to the
color changing absorbent material, and the color changing
absorbent material may permanently remain colored the sec-
ond color.

Preferably the stimulus sensitive gel is attached at an
attachment point that may preferably be located opposite the
location of the indicator window. In this way, the stimulus
sensitive gel may be secured to one location and cannot float
or move within the first compartment and cover up the color
changing absorbent material at any time. In addition, if the
color changing absorbent material is capable of wicking the
liquid and constituent parts out of the polymer matrix of the
swollen stimulus sensitive gel, simply by being in physical
contact with the swollen stimulus sensitive gel, then the color
changing absorbent material may be physically separated
from the swollen stimulus sensitive gel. Otherwise, the color
changing absorbent material would wick and absorb the con-
stituent parts (e.g., divalent cations or protons) from the swol-
len stimulus sensitive gel even if the stimulus indicating
device had not been exposed to a predetermined stimulus,
resulting in a false indication that the stimulus sensitive prod-
uct attached to the stimulus indicating device had been
exposed to a predetermined stimulus, when in fact it had not.

7. Embodiments with Two Compartments with
Permeable Membrane and Absorbent Material

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
embodied and broadly described, another embodiment of the
invention, as shown in FIG. 8A and FIG. 8B, may be a
multi-compartment device that includes a first compartment
with an indicator window through which a color changing
absorbent material is visible, and at least a second compart-
ment containing a stimulus sensitive gel. The first compart-
ment and the second compartment may, for example, be
formed by the backing layer on the bottom of the stimulus
indicating device and anupper layer on the top of the stimulus
indicating device, as shown in FIG. 8 A and FIG. 8B. The first
compartment and the second compartment may additionally
be formed and differentiated from one another by a permeable
membrane that is strong and resilient to twisting, bending and
breaking. Alternately, as shown in FIG. 8C, an alternative
embodiment may position the first compartment above the
second compartment separated by the permeable membrane.
Other shapes may also be contemplated within the scope of
certain embodiments of the invention as previously described
in prior applications.

Prior to exposure to a predetermined stimulus, in this
embodiment, a stimulus sensitive gel may be preferably con-
tained in just the second compartment. And, prior to exposure
of the stimulus indicting device to the predetermined stimu-
lus, the color changing absorbent material may be a first color,
visible through the indicator window or display portion.

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of its use as it undergoes its phase transition, it may
collapse or shrink, thereby causing a color changing absor-
bent material to change color. Alternatively, the stimulus sen-
sitive gel may start out collapsed or shrunken, but upon expo-
sure to its predetermined stimulus it may permanently expand
or swell and cause a color changing absorbent material to
change color. By way of example only and as disclosed herein
and in prior applications, a stimulus sensitive gel may, for
example, be of the UCST type or of the LCST type. As one of
ordinary skill in the art will appreciate, a UCST type stimulus
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sensitive gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
heated beyond a predetermined stimulus, and thereby cause a
color changing absorbent material to change color. A UCST
type stimulus sensitive gel may also be used when it is desired
to have an initially swollen stimulus sensitive gel collapse or
shrink when it is cooled beyond a predetermined stimulus,
and thereby cause a color changing absorbent material to
change color. Alternatively, an LCST type stimulus sensitive
gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
cooled beyond a predetermined stimulus, and thereby cause a
color changing absorbent material to change color. An LCST
type stimulus sensitive gel may also be used when it is desired
to have an initially swollen stimulus sensitive gel collapse or
shrink when it is heated beyond a predetermined stimulus,
and thereby cause a color changing absorbent material to
change color.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may be
initially expanded or swollen, and may permanently collapse
or shrink upon exposure to its predetermined stimulus. An
indicator window may be provided through which a color
change can be seen as a result of the swollen stimulus sensi-
tive gel undergoing its phase transition in reaction to a pre-
determined stimulus (i.e., the volume of the stimulus sensitive
gel changes by collapsing or shrinking in reaction to the
predetermined stimulus). Specifically, as the swollen stimu-
lus sensitive gel collapses or shrinks in response to the pre-
determined stimulus, it may expels the liquid and/or constitu-
ent parts contained in the matrix of the stimulus sensitive gel.
This expelled liquid and/or constituent parts may subse-
quently pass through the permeable membrane and ultimately
may subsequently come into contact with the color changing
absorbent material, causing it to undergo a color change
which may be viewed through the indicator window.

Both the backing layer and the upper layer may, for
example, be constructed of a strong, resilient leak-proof
material, such as plastic or other polymer material, so as to
provide for the twisting or bending that might occur during
transportation of the stimulus sensitive product without tear-
ing, breaking or leaking. The backing layer and the upper
layer may also be made of a material that preferably allows
them to be joined and sealed together, such as by heat stamp-
ing or other suitable means. The backing layer and the upper
layer may both approximate the length and width of the
compartment, although variations in these dimensions are
within the scope of certain embodiments of the present inven-
tion. The upper layer may preferably be made of a clear
material, such as plastic, so that the user of the stimulus
indicating device can view at least some portion of the back-
ing material or color changing absorbent material. The upper
layer may also be able to accept paint or ink so as to allow for
coloring or concealing at least some portion of the first com-
partment.

Although at least some portion of the upper layer may also
accept paint or ink for coloring, it is preferable that the indi-
cator window portion of the upper layer remain free from ink
or coloring so that the use of the stimulus indicating device
can observe the first compartment through the indicator win-
dow as explained herein. The backing layer may also be able
to accept paste, glue or other suitable adhesive on the surface
not facing the first compartment, so as to allow it to be
attached to a stimulus sensitive product.

Upon exposure of the stimulus sensitive gel to a predeter-
mined stimulus, the stimulus sensitive gel may undergo its
phase transition in reaction to the predetermined stimulus. As
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the swollen stimulus sensitive gel undergoes its phase transi-
tion, the volume of the swollen stimulus sensitive gel may
change by collapsing or shrinking due at least to a portion of
the liquid contained in the polymer network being expelled.
Along with this liquid, at least some of the constituent parts
required for detection of unfavorable stimulus exposure,
which are incorporated into the polymer network during the
initial preparation, may be expelled as well.

By way of example only, the color changing absorbent
material may be divalent cation test paper, litmus paper or any
equivalent color changing absorbent material. What is impor-
tant is that the color changing absorbent materials may, for
example, have: 1) an affinity for the liquid and constituent
parts contained in, and then expelled from, the stimulus sen-
sitive gel; and 2) that at least a portion of the color changing
absorbent material may change color upon coming into con-
tact with the expelled liquid and/or constituent parts. More
specifically, at least some of the constituent parts carried by
the expelled liquid may permanently bind onto the color
changing absorbent material so as to cause the color changing
absorbent material to change color so that even if the expelled
liquid is subsequently reabsorbed by the shrunken stimulus
sensitive gel when the predetermined stimulus is removed,
those constituent parts may remain bound or trapped in the
color changing absorbent material.

By way of example only, the constituent parts contained in
the polymer matrix of the swollen stimulus sensitive gel, and
then expelled along with and carried by the expelled liquid
until both come into contact with the color changing absor-
bent material, may be divalent cations (by way of example,
Mg>* or Ca**). More specifically, as the stimulus sensitive gel
undergoes its phase transition due to exposure to a predeter-
mined stimulus, the swollen stimulus sensitive gel may not
only expel the liquid contained in the polymer matrix, but
may also expel the constituent parts, such as divalent cations
(by way of example only, Mg>* or Ca®*) also contained in the
polymer matrix of the swollen stimulus sensitive gel.

Then, when the expelled constituent parts (e.g., divalent
citations (by way of example only, Mg** or Ca®*)) carried by
the expelled liquid came into contact with the color changing
absorbent material, at least a portion of the color changing
absorbent material may not only change from a first color to
asecond color, but the constituent parts may also permanently
bind to the color changing absorbent material. It is important
that that the color changing absorbent materials be reactive to
the expelled constituent parts. Thus, because the constituent
parts in the preferred embodiment preferably consist of diva-
lent cations, the color changing absorbent material may pref-
erably be reactive to those divalent cations, and may include
by way of example only, divalent cationic paper. Examples of
such divalent cationic paper that may be used as the color
changing absorbent material include a total-hardness indica-
tor paper or test stick that is available from Sigma-Aldrich
under the tradename QUANTOFIX®, is manufactured by
Macherey-Nagel under the trade name Aquador®, and that
changes color from blue to red upon coming into contact with
expelled liquid containing the constituent parts (by way of
example only, Mg>* or Ca®*). Preferably the color changing
absorbent material may operate in at least a semi-quantitative
capacity.

By the expelled constituent parts (e.g., divalent cations by
way of example only, Mg>* or Ca**) permanently binding to
the color changing absorbent material (e.g., by way of
example only, divalent cationic paper), even if the expelled
liquid were ultimately reabsorbed by the collapsed or
shrunken stimulus sensitive gel so as to become a partially or
fully re-swollen stimulus sensitive gel, the expelled constitu-
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ent parts may remain permanently bound to the color chang-
ing absorbent material or cationic paper, and the color chang-
ing absorbent material (by way of example only cationic
paper) may remain permanently colored the second color.

Although the alternative embodiment discussed herein
employs divalent cation test paper as the color changing
absorbent material, alternative color changing absorbent
materials may also be used, so long as they are reactive to the
expelled constituent parts. By way of example only, the liquid
held in the polymer matrix of the swollen stimulus sensitive
gel could contain protons (H*). And as the swollen stimulus
sensitive gel undergoes its phase transition due to exposure to
apredetermined stimulus, the liquid may not only be expelled
from the swollen stimulus sensitive gel, but the H* may also
be expelled along with that liquid. Then when the expelled
constituent parts (by way of example, only H*) contained in
the expelled liquid subsequently come into physical contact
with the color changing absorbent material, such as litmus
paper (by way of example only, H* concentration indicator),
at least a portion of the color changing absorbent material
may react to the expelled constituent parts (by way of
example only, H"), and may change from a first color to a
second color. Such litmus paper that is suitable for use as a
color changing absorbent material may include by way of
example only, the pH-indicator strips manufactured by EMD
Chemicals Inc. What is important is that the litmus paper
changes from a first color to a second color upon coming into
contact with the constituent parts.

In addition to changing from a first color to a second color,
the expelled constituent parts (by way of example only, H*)
may permanently bind to the color changing absorbent mate-
rial. Accordingly, even if the expelled liquid were ultimately
reabsorbed by the collapsed or shrunken stimulus sensitive
gel, so as to become a partially or fully re-swollen stimulus
sensitive gel, the expelled constituent parts (by way of
example only, H") may remain permanently bound to the
color changing absorbent material, and the color changing
absorbent material may permanently remain colored the sec-
ond color.

Moreover, because the permeable membrane keeps the
stimulus sensitive gel in the second compartment, the stimu-
lus sensitive gel preferably may not move into the first com-
partment at any time, and may thereby be prevented from
covering up the color changing absorbent material at all
times. Preferably, the stimulus sensitive gel may also be held
in the second compartment by an attachment point. In addi-
tion, if the color changing absorbent material is capable of
wicking the liquid and constituent part out of the polymer
matrix of the swollen stimulus sensitive gel, simply by being
in physical contact with the swollen stimulus sensitive gel,
then the color changing absorbent material may be physically
separated from the swollen stimulus sensitive gel. Otherwise,
the color changing absorbent material may wick and absorb
the constituent parts (divalent cations or hydrogen ions) from
the swollen stimulus sensitive gel even if the stimulus indi-
cating device had not been exposed to a predetermined stimu-
lus, resulting in a false indication that the stimulus sensitive
product attached to the stimulus indicating device had been
exposed to a predetermined stimulus, when in fact it had not.
Because the permeable membrane keeps the stimulus sensi-
tive gel and the color changing absorbent material physically
separated, such false indications may be avoided.

Itshould be noted that, by manipulating the permeability of
the permeable membrane connecting the first compartment to
the second compartment, the time required for the expelled
liquid to move from the second compartment into the first
compartment may be varied. Such manipulation of the per-
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meable membrane may include increasing or decreasing its
thickness and/or increasing or decreasing its surface area
facing the first compartment and/or second compartment and/
or increasing or decreasing its wicking ability, so as to control
the speed at which the expelled liquid and the constituent
parts travel from the second compartment, through the per-
meable membrane, and enter the first compartment.

An advantage of using such an embodiment is that both the
exposure to a predetermined stimulus as well as the time of
exposure may be indicated. As an example, if the predeter-
mined stimulus occurs for just a short period of time, and is
removed before the expelled liquid and constituent parts have
completely moved from the second compartment through the
permeable membrane and into the first compartment, then the
expelled liquid and constituent parts may be wicked or drawn
back into the second compartment by the shrunken stimulus
sensitive gel as the shrunken stimulus sensitive gel re-ex-
pands. The reason this happens is because the permeable
membrane may allow the expelled liquid and expelled con-
stituent parts to pass in both directions. And so in this case, no
irreversible indication of exposure to the predetermined
stimulus may then be indicated by color changing absorbent
material because the time of exposure to the predetermined
stimulus was too brief to enable enough expelled liquid and
constituent parts to pass completely through the permeable
membrane, react with the color changing absorbent material,
and cause it to change from a first color to a second color.

8. Embodiments with Two Compartments with
Semi-Permeable Membrane and Absorbent Material

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
embodied and broadly described, another embodiment of the
invention may be, as shown in FIG. 9A and FIG. 9B, a
multi-compartment device that includes a first compartment
with an indicator window through which a color changing
absorbent material is visible, and at least a second compart-
ment containing a stimulus sensitive gel. The first compart-
ment and the second compartment may, for example, be
formed by the backing layer on the bottom of the stimulus
indicating device and anupper layer on the top of the stimulus
indicating device, as shown in FIG. 9A and FIG. 9B. The first
compartment and the second compartment may additionally
be formed and differentiated from one another by a semi-
permeable membrane that is strong and resilient to twisting,
bending and breaking. Alternatively, as shown in FIG. 9C an
alternative embodiment may position the first compartment
above the second compartment separated by the permeable
membrane. Other shapes may be contemplated within the
scope of certain embodiments of the invention as previously
described in prior applications.

Prior to exposure to a predetermined stimulus, in this
embodiment a stimulus sensitive gel may preferably be con-
tained in just the second compartment. And prior to the expo-
sure of the stimulus indicating device to the predetermined
stimulus the color changing absorbent material may be a first
color, visible through the indicator window or display por-
tion.

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of its use as it undergoes its phase transition, it may
collapse or shrink, thereby causing a color changing absor-
bent material to change color. Alternatively, the stimulus sen-
sitive gel may start out collapsed or shrunken, but upon expo-
sure to its predetermined stimulus it may permanently expand
or swell and cause a color changing absorbent material to
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change color. By way of example only and as disclosed herein
and in prior applications, a stimulus sensitive gel may be of
the UCST type or of the LCST type. As one of ordinary skill
in the art will appreciate, a UCST type stimulus sensitive gel
may be used when one wishes to have an initially shrunken
stimulus sensitive gel expand or swell when it is heated
beyond a predetermined stimulus, and thereby cause a color
changing absorbent material to change color. A UCST type
stimulus sensitive gel may also be used when it is desired to
have an initially swollen stimulus sensitive gel collapse or
shrink when it is cooled beyond a predetermined stimulus,
and thereby cause a color changing absorbent material to
change color. Alternatively, an LCST type stimulus sensitive
gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
cooled beyond a predetermined stimulus, and thereby cause a
color changing absorbent material to change color. An LCST
type stimulus sensitive gel may also be used when it is desired
to have an initially swollen stimulus sensitive gel collapse or
shrink when it is heated beyond a predetermined stimulus,
and thereby cause a color changing absorbent material to
change color.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may
initially be expanded or swollen, and permanently collapse or
shrink upon exposure to its predetermined stimulus. An indi-
cator window may be provided through which a color change
can be seen as a result of the swollen stimulus sensitive gel
undergoing its phase transition in reaction to a predetermined
stimulus (i.e., the volume of the stimulus sensitive gel
changes by collapsing or shrinking in reaction to the prede-
termined stimulus). Specifically, as the swollen stimulus sen-
sitive gel collapses or shrinks in response to the predeter-
mined stimulus, it may expel the liquid and/or constituent
parts contained in the matrix of the stimulus sensitive gel.
This expelled liquid and/or constituent parts may subse-
quently pass through the semi-permeable membrane and ulti-
mately come into contact with the color changing absorbent
material, causing it to undergo a color change which can be
viewed through the indicator window.

Both the backing layer and the upper layer may, for
example, be constructed of a strong, resilient leak-proof
material, such as plastic or other polymer material, so as to
provide for the twisting or bending that might occur during
transportation of the stimulus sensitive product without tear-
ing, breaking or leaking. The backing layer and the upper
layer may also be made of a material that preferably allows
them to be joined and sealed together, such as by heat stamp-
ing or other suitable means. The backing layer and the upper
layer may both approximate the length and width of the
compartment, although variations in these dimensions are
within the scope of certain embodiments of the present inven-
tion. The upper layer may preferably be made of a clear
material, such as plastic, so that the user of the stimulus
indicating device may view at least some portion of the back-
ing material or color changing absorbent material. The upper
layer may also be able to accept paint or ink so as to allow for
coloring or concealing at least some portion of the first com-
partment.

Although a least some portion of the upper layer may also
accept paint or ink for coloring, it is preferable that the indi-
cator window portion of the upper layer remain free from ink
or coloring so that the use of the stimulus indicating device
may observe the first compartment through the indicator win-
dow as explained herein. The backing layer may, for example,
also be able to accept paste, glue or other suitable adhesive on
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the surface not facing the first compartment, so as to allow it
to be attached to a stimulus sensitive product.

Upon exposure of the stimulus sensitive gel to a predeter-
mined stimulus, the stimulus sensitive gel may undergo its
phase transition in reaction to the predetermined stimulus. As
the swollen stimulus sensitive gel undergoes its phase transi-
tion, the volume of the swollen stimulus sensitive gel may
change by collapsing or shrinking due at least to a portion of
the liquid contained in the polymer network being expelled.
Along with this liquid, at least some of the constituent parts
required for detection of unfavorable stimulus exposure,
which are incorporated into the polymer network during the
initial preparation, may be expelled as well.

By way of example only, the color changing absorbent
material may be divalent cation test paper, litmus paper or any
equivalent color changing absorbent material. What is impor-
tant is that the color changing absorbent materials may, for
example, have: 1) an affinity for the liquid and constituent
parts contained in, and then expelled from, the stimulus sen-
sitive gel; and 2) that at least a portion of the color changing
absorbent material changes color upon coming into contact
with the expelled liquid and/or constituent parts. More spe-
cifically, at least some of the constituent parts carried by the
expelled liquid may permanently bind onto the color chang-
ing absorbent material so as to cause the color changing
absorbent material to change color so that even if the expelled
liquid is subsequently reabsorbed by the shrunken stimulus
sensitive gel when the predetermined stimulus is removed,
those constituent parts may remain bound or trapped in the
color changing absorbent material.

By way of example only, the constituent parts contained in
the polymer matrix of the swollen stimulus sensitive gel, and
then expelled along with and carried by the expelled liquid
until both come into contact with the color changing absor-
bent material, may be divalent cations (by way of example,
Mg>* or Ca**). More specifically, as the stimulus sensitive gel
undergoes its phase transition due to exposure to a predeter-
mined stimulus, the swollen stimulus sensitive gel may not
only expel the liquid contained in the polymer matrix, but
may also expel the constituent parts, such as divalent cations
(by way of example only, Mg>* or Ca®*) also contained in the
polymer matrix of the swollen stimulus sensitive gel.

Then, when the expelled constituent parts (e.g., divalent
citations (by way of example only, Mg** or Ca®*)) carried by
the expelled liquid came into contact with the color changing
absorbent material, at least a portion of the color changing
absorbent material may not only change from a first color to
a second color, but the constituent parts may permanently
bind to the color changing absorbent material. It is important
that that the color changing absorbent materials be reactive to
the expelled constituent parts. Thus, because the constituent
parts in the preferred embodiment preferably consist of diva-
lent cations, the color changing absorbent material may be
reactive to those divalent cations, and may include by way of
example only, divalent cationic paper. Examples of such diva-
lent cationic paper that can be used as the color changing
absorbent material may, for example, include a total-hardness
indicator paper or test stick that is available from Sigma-
Aldrich under the tradename QUANTOFIX®, is manufac-
tured by Macherey-Nagel under the trade name Aquador®,
and that changes color from blue to red upon coming into
contact with expelled liquid containing the constituent parts
(by way of example only, Mg>* or Ca®*). Preferably the color
changing absorbent material may operate in at least a semi-
quantitative capacity.

By the expelled constituent parts (e.g., divalent cations by
way of example only, Mg>* or Ca**) permanently binding to
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the color changing absorbent material (e.g., by way of
example only, divalent cationic paper), even if the expelled
liquid were ultimately reabsorbed by the collapsed or
shrunken stimulus sensitive gel so as to become a partially or
fully re-swollen stimulus sensitive gel, the expelled constitu-
ent parts may remain permanently bound to the color chang-
ing absorbent material or cationic paper, and the color chang-
ing absorbent material (by way of example only cationic
paper) may remain permanently colored the second color.

Although the preferred embodiment discussed herein
employs divalent cation test paper as the color changing
absorbent material, alternative color changing absorbent
materials may also be used, so long as they are reactive to the
expelled constituent parts. By way of example only, the liquid
held in the polymer matrix of the swollen stimulus sensitive
gel may contain protons (H*). And as the swollen stimulus
sensitive gel undergoes its phase transition due to exposure to
apredetermined stimulus, the liquid may not only be expelled
from the swollen stimulus sensitive gel, but the H" may also
be expelled along with that liquid. Then when the expelled
constituent parts (by way of example, only H") contained in
the expelled liquid subsequently come into physical contact
with the color changing absorbent material, such as litmus
paper (by way of example only, H" concentration indicator),
at least a portion of the color changing absorbent material
may react to the expelled constituent parts (by way of
example only, H"), and may change from a first color to a
second color. Such litmus paper that is suitable for use as a
color changing absorbent material may include by way of
example only, the pH-indicator strips manufactured by EMD
Chemicals Inc. What is important is that the litmus paper
changes from a first color to a second color upon coming into
contact with the constituent parts.

In addition to changing from a first color to a second color,
the expelled constituent parts (by way of example only, H")
may permanently bind to the color changing absorbent mate-
rial. Accordingly, even if the expelled liquid were ultimately
reabsorbed by the collapsed or shrunken stimulus sensitive
gel, so as to become a partially or fully re-swollen stimulus
sensitive gel, the expelled constituent parts (by way of
example only, H") may remain permanently bound to the
color changing absorbent material, and the color changing
absorbent material may permanently remain colored the sec-
ond color.

Moreover, because the semi-permeable membrane keeps
the stimulus sensitive gel in the second compartment, the
stimulus sensitive gel preferably may not move into the first
compartment at any time, and is thereby prevented from
covering up the color changing absorbent material at all
times. Preferably, the stimulus sensitive gel may also be held
in the second compartment by an attachment point. In addi-
tion, if the color changing absorbent material is capable of
wicking the liquid and constituent parts out of the polymer
matrix of the swollen stimulus sensitive gel, simply by being
in physical contact with the swollen stimulus sensitive gel,
then the color changing absorbent material may, for example,
be physically separated from the swollen stimulus sensitive
gel. Otherwise, the color changing absorbent material may
wick and absorb the constituent parts (divalent cations or
hydrogen ions) from the swollen stimulus sensitive gel even if
the stimulus indicating device had not been exposed to a
predetermined stimulus, resulting in a false indication that the
stimulus sensitive produce attached to the stimulus indicating
device had been exposed to a predetermined stimulus, when
in fact it had not. Because the semi-permeable membrane
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keeps the stimulus sensitive gel and the color changing absor-
bent material physically separated, such false indication may
be avoided.

It should be noted that by manipulating the permeability of
the semi-permeable membrane connecting the first compart-
ment to the second compartment the time required for the
expelled liquid to move from the second compartment into
the first compartment can be varied. Such manipulation of the
semi-permeable membrane may, for example, include
increasing or decreasing its thickness and/or increasing or
decreasing its surface area facing the first compartment and/
or second compartment and/or increasing or decreasing its
wicking ability, so as to control the speed at which the
expelled liquid and the constituent parts travel from the sec-
ond compartment, through the semi-permeable membrane,
and enter the first compartment.

There is a difference between the permeable membrane
discussed herein and the semi-permeable membrane dis-
cussed herein that needs to be appreciated. The permeable
membrane may allow the expelled liquid and constituent
parts to repeatedly travel from the second compartment into
the first compartment, and then back again into the second
compartment. In comparison, the semi-permeable membrane
may preferably be designed so that it not only allows the
constituent parts of the expelled liquid (by way of example
only, the Mg**) to pass from the at least second compartment
into the first compartment, but it would prevent the constitu-
ent parts (by way of example only, the Mg?*) from passing
back into the at least second compartment from the first
compartment. The semi-permeable membrane may also pro-
hibit the expelled liquid from traveling back into the second
compartment, but doing so is not as important as trapping the
constituent parts in the first compartment.

An advantage of using such an embodiment is that both the
exposure to a predetermined stimulus as well as the time of
exposure may be indicated. As an example, if the predeter-
mined stimulus occurs for just a short period of time, and is
removed before the expelled liquid and constituent parts have
been completely moved from the second compartment
through the semi-permeable membrane and into the first com-
partment, then the expelled liquid and constituent parts may
remain within the semi-permeable membrane. Only when the
predetermined stimulus returns and causes the stimulus sen-
sitive gel to continue to undergo its phase transition may
additional liquid be expelled along with additional constitu-
ent parts. When enough expelled liquid and enough constitu-
ent parts are present so as to completely pass through the
semi-permeable membrane, contact and react with the color
changing absorbent material, the color changing absorbent
material may change from the first color to the second color,
thereby indicating the stimulus sensitive product attached to
the stimulus indicating device had been exposed to a prede-
termined stimulus.

9. Embodiments with Absorbent Material as the
Permeable or Semi-Permeable Membrane

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
embodied and broadly described, another embodiment of the
invention may be as shown in FIG. 10A and FIG. 10B, a
device with at least a single compartment that includes an
indicator window through which a color changing absorbent
material is visible, as well as a stimulus sensitive gel. The at
least single compartment may, for example, be formed by the
backing layer on the bottom of the stimulus indicating device
and an upper layer on the top of the stimulus indicating
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device. As shown in FIG. 10A the indicator window may be
positioned above the color changing absorbent material,
wherein the color changing absorbent material may be com-
prised of either a permeable or a semi-permeable material,
which is strong and resilient to twisting, bending and break-
ing. Alternatively, as shown in FIG. 10C, an alternative
embodiment may position a first compartment above a second
compartment separated by the permeable membrane. Other
shapes may be contemplated within the scope of certain
embodiments of the invention as previously described in prior
applications.

Prior to exposure to a predetermined stimulus, in this
embodiment the color changing absorbent material may be a
first color, visible through the indicator window or display
portion.

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of its use as it undergoes its phase transition, it may
collapse or shrink, thereby causing a color changing absor-
bent material to change color. Alternatively, the stimulus sen-
sitive gel could start out collapsed or shrunken, but upon
exposure to its predetermined stimulus it may permanently
expand or swell and cause a color changing absorbent mate-
rial to change color. By way of example only and as disclosed
herein and in prior applications, a stimulus sensitive gel may
be of the UCST type or of the LCST type. As one of ordinary
skill in the art will appreciate, a UCST type stimulus sensitive
gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
heated beyond a predetermined stimulus, and thereby cause a
color changing absorbent material to change color. A UCST
type stimulus sensitive gel may also be used when it is desired
to have an initially swollen stimulus sensitive gel collapse or
shrink when it is cooled beyond a predetermined stimulus,
and thereby cause a color changing absorbent material to
change color. Alternatively, an LCST type stimulus sensitive
gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
cooled beyond a predetermined stimulus, and thereby cause a
color changing absorbent material to change color. An LCST
type stimulus sensitive gel may also be used when it is desired
to have an initially swollen stimulus sensitive gel collapse or
shrink when it is heated beyond a predetermined stimulus,
and thereby cause a color changing absorbent material to
change color.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may be
initially expanded or swollen, and permanently collapses or
shrinks upon exposure to its predetermined stimulus. Anindi-
cator window may be provided through which a color change
can be seen as a result of the swollen stimulus sensitive gel
undergoing its phase transition in reaction to a predetermined
stimulus (i.e., the volume of the stimulus sensitive gel
changes by collapsing or shrinking in reaction to the prede-
termined stimulus). Specifically, as the swollen stimulus sen-
sitive gel collapses or shrinks in response to the predeter-
mined stimulus, it may expel the liquid and/or constituent
parts contained in the matrix of the stimulus sensitive gel.
This expelled liquid and/or constituent parts may subse-
quently pass through the permeable or semi-permeable mem-
brane that may result in the color change visible through the
indicator window.

Both the backing layer and the upper layer may, for
example, be constructed of a strong, resilient leak-proof
material, such as plastic or other polymer material, so as to
provide for the twisting or bending that might occur during
transportation of the stimulus sensitive product without tear-
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ing, breaking or leaking. The backing layer and the upper
layer may also be made of a material that preferably allows
them to be joined and sealed together, such as by heat stamp-
ing or other suitable means. The backing layer and the upper
layer may both approximate the length and width of the first
compartment, although variations in these dimensions are
within the scope of certain embodiments of the present inven-
tion. The upper layer may preferably be made of a clear
material, such as plastic, so that the user of the stimulus
indicating device can view at least some portion of the back-
ing material or color changing absorbent material. The upper
layer may also be able to accept paint or ink so as to allow for
coloring or concealing at least some portion of the first com-
partment.

Although at least some portion of the upper layer may also
accept paint or ink for coloring, it is preferable that the indi-
cator window portion of the upper layer remain free from ink
or coloring so that the user of the stimulus indicating device
may observe the first compartment through the indicator win-
dow as explained herein. The backing layer may, for example,
also be able to accept paste, glue or other suitable adhesive on
the surface not facing the first compartment, so as to allow it
to be attached to a stimulus sensitive product.

Upon exposure of the stimulus sensitive gel to a predeter-
mined stimulus, the stimulus sensitive gel may undergo its
phase transition in reaction to the predetermined stimulus. As
the swollen stimulus sensitive gel undergoes its phase transi-
tion, the volume of the swollen stimulus sensitive gel may
change by collapsing or shrinking due at least to a portion of
the liquid contained in the polymer network being expelled,
and at least some of the constituent parts contained in the
polymer network being expelled as well. Along with this
liquid, at least some of the constituent parts required for
detection of unfavorable stimulus exposure, which are incor-
porated into the polymer network during the initial prepara-
tion, may be expelled as well.

By way of example only, the color changing absorbent
material may be any permeable or semi-permeable material
that allows the expelled liquid and the constituent parts to
pass through it, and more particularly to migrate through it,
from one end of the permeable or semi-permeable material to
the other. What is important is that the color changing absor-
bent material may, for example, have: 1) an affinity for the
liquid and constituent parts contained in, and then expelled
from, the stimulus sensitive gel; and 2) that at least a portion
of the color changing absorbent material changes color upon
coming into contact with that expelled liquid and/or constitu-
ent parts. More specifically, at least some of the constituent
parts carried by the expelled liquid may become trapped in the
permeable or semi-permeable membrane.

The permeable or semi-permeable membrane when it is
used as the color changing absorbing material may change
color by any number of ways. For example, the expelled
constituent parts may be colored a color different from the
color of the permeable or semi-permeable membrane. And as
the expelled constituent parts migrate through the permeable
or semi-permeable membrane, they may change it from a first
color to a second color. Alternatively, the permeable or semi-
permeable membrane may be reactive to the expelled con-
stituent parts and as the constituent parts migrate through the
permeable membrane which is also referred to as the semi-
permeable membrane, and which is also referred to as the
color changing absorbent material, it may change from a first
color to a second color. For convenience, this permeable
membrane which is also referred to as the semi-permeable
membrane, and which is also referred to as the color changing
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absorbent material are referred to collectively herein as either
the semi-permeable membrane or the color changing absor-
bent material.

By way of example only, the constituent parts contained in
the polymer matrix of the swollen stimulus sensitive gel, and
then expelled along with and carried by the expelled liquid
through the semi-permeable membrane may be divalent cat-
ions (by way of example, Mg** or Ca>*). More specifically, as
the stimulus sensitive gel undergoes its phase transition due to
exposure to a predetermined stimulus, the swollen stimulus
sensitive gel may not only expel the liquid contained in the
polymer matrix, but may also expel the constituent parts, such
as divalent cations (by way of example only, Mg** or Ca*)
also contained in the polymer matrix of the swollen stimulus
sensitive gel.

Then as the expelled constituent parts (e.g., divalent cat-
ions (by way of example only, Mg>* or Ca®*)) carried by the
expelled liquid came into contact with the color changing
absorbent material which is the semi-permeable membrane,
at least a portion of the color changing absorbent material
may not only change from a first color to a second color, but
the constituent parts may also permanently bind to the color
changing absorbent material. It is important that the color
changing absorbent material/semi-permeable membrane be
reactive to the expelled constituent parts. Thus, because the
constituent parts in the preferred embodiment preferably con-
sist of divalent cations, the color changing absorbent material
may be reactive to those divalent cations.

By the expelled constituent parts (e.g., divalent cations by
way of example only, Mg>* or Ca**) permanently binding to
the color changing absorbent material as the expelled con-
stituent parts migrate through the semi-permeable membrane
(e.g., divalent cationic paper), even if the expelled liquid were
ultimately reabsorbed by the collapsed or shrunken stimulus
sensitive gel so as to become a partially or fully re-swollen
stimulus sensitive gel, the expelled constituent parts may
remain permanently bound to the color changing absorbent
material/semi-permeable membrane, and the color changing
absorbent material/semi-permeable membrane may remain
permanently colored the second color.

Preferably, the stimulus sensitive gel may also be held in
place by an attachment point. In addition, if the color chang-
ing absorbent material/permeable membrane is capable of
wicking the liquid and constituent parts out of the polymer
matrix of the swollen stimulus sensitive gel, simply by being
in physical contact with the swollen stimulus sensitive gel,
then the color changing absorbent material may be physically
separated from the swollen stimulus sensitive gel. Otherwise,
the color changing absorbent material may wick and absorb
the constituent parts (divalent cations or hydrogen ions) from
the swollen stimulus sensitive gel even if the stimulus indi-
cating device had not been exposed to a predetermined stimu-
lus, resulting in a false indication that the stimulus sensitive
product attached to the stimulus indicating device had been
exposed to a predetermined stimulus, when in fact it had not.
If the color changing absorbent material/semi-permeable
membrane may not wick the constituent parts out of the
swollen stimulus sensitive gel, then the color changing absor-
bent material/semi-permeable membrane may be in physical
contact with the swollen stimulus sensitive gel.

It should be noted that by manipulating the permeability of
the semi-permeable membrane the time required for the
expelled liquid to move through the length of the semi-per-
meable membrane and into the indicator window may be
varied. Such manipulation of the semi-permeable membrane
may, for example, include increasing or decreasing its thick-
ness and/or increasing or decreasing its surface area facing
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the first compartment and/or second compartment and/or
increasing or decreasing its wicking ability, so as to control
the speed at which the expelled liquid and expelled constitu-
ent parts travel through the semi-permeable membrane, and
enter the indicator window.

It should also be noted that the semi-permeable membrane/
color changing absorbent material may preferably be
designed so that it not only allows the constituent parts of the
expelled liquid (by way of example only, the Mg>*) to pass
through the length of the semi-permeable membrane, but it
may also prevent the constituent parts (by way of example
only, the Mg**) from passing in reverse and away from the
indicator window.

An advantage of using such an embodiment is that both the
exposure to a predetermined stimulus as well as the time of
exposure may be indicated. As an example, if the predeter-
mined stimulus occurs for just a short period of time, and is
removed before the expelled liquid and constituent parts have
moved completely through the semi-permeable membrane
and into the indicator window, then the expelled liquid and
constituent parts may remain within the semi-permeable
membrane. Only when the predetermined stimulus returns
and causes the stimulus sensitive gel to continue to undergo
its phase transition will additional liquid be expelled along
with additional constituent parts. When enough expelled lig-
uid and enough constituent parts are expelled and present so
as to completely pass though the semi-permeable membrane,
the indicator window may show the change from a first color
to a second color, thereby indicating the stimulus sensitive
product attached to the stimulus indicating device had been
exposed to a predetermined stimulus.

10. Embodiments with Capillaries

To achieve these and other advantages and in accordance
with the purpose of certain embodiments of the invention, as
embodied and broadly described, another embodiment of the
invention may be as shown in FIG. 11A and FIG. 11B, a
multi-compartment device that includes a first compartment
with an indicator window through which a color changing
absorbent material is visible, and at least a second compart-
ment containing a stimulus sensitive gel. The first compart-
ment and the second compartment may, for example, be
formed by the backing layer on the bottom of the stimulus
indicating device and anupper layer on the top of the stimulus
indicating device, as shown in FIG. 11A and FIG. 11B. The
first compartment and the second compartment may addition-
ally be formed and differentiated from one another by small
channel(s), capillary(-ies) or tube(s), such as capillary tubes
that are strong and resilient to twisting, bending and breaking.
Alternatively, an alternate embodiment may position the first
compartment above the second compartment separated by the
small channel(s), capillary(-ies) or tube(s). Other shapes may
be contemplated within the scope of the invention as previ-
ously described in prior applications.

One of ordinary skill will appreciate and understand that if
the stimulus sensitive gel in this embodiment is swollen at the
beginning of its use as it undergoes its phase transition, it may
collapse or shrink, thereby causing a color changing absor-
bent material to change color. Alternatively, the stimulus sen-
sitive gel may start out collapsed or shrunken, but upon expo-
sure to its predetermined stimulus it may permanently expand
or swell and cause a color changing absorbent material to
change color. By way of example only and as disclosed herein
and in prior applications, a stimulus sensitive gel may be of
the UCST type or of the LCST type. As one of ordinary skill
in the art will appreciate, a UCST type stimulus sensitive gel
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may be used when one wishes to have an initially shrunken
stimulus sensitive gel expand or swell when it is heated
beyond a predetermined stimulus, and thereby cause a color
changing absorbent material to change color. A UCST type
stimulus sensitive gel may also be used when it is desired to
have an initially swollen stimulus sensitive gel collapse or
shrink when it is cooled beyond a predetermined stimulus,
and thereby cause a color changing absorbent material to
change color. Alternatively, an LCST type stimulus sensitive
gel may be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
cooled beyond a predetermined stimulus, and thereby cause a
color changing absorbent material to change color. An LCST
type stimulus sensitive gel may also be used when it is desired
to have an initially swollen stimulus sensitive gel collapse or
shrink when it is heated beyond a predetermined stimulus,
and thereby cause a color changing absorbent material to
change color.

For purposes of disclosing this alternative embodiment and
by way of example only, this alternative embodiment may be
initially expanded or swollen, and permanently collapse or
shrink upon exposure to its predetermined stimulus. An indi-
cator window may be provided through which a color change
can be seen as a result of the swollen stimulus sensitive gel
undergoing its phase transition in reaction to a predetermined
stimulus (i.e., the volume of the stimulus sensitive gel
changes by collapsing or shrinking in reaction to the prede-
termined stimulus). Specifically, as the swollen stimulus sen-
sitive gel collapses or shrinks in response to the predeter-
mined stimulus, it may expel the liquid and/or constituent
parts contained in the matrix of the stimulus sensitive gel.
This expelled liquid and/or constituent parts may subse-
quently pass through the small channel(s), capillary(-ies) or
tube(s) and ultimately may come into contact with the color
changing absorbent material, causing it to undergo a color
change which may then be viewed through the indicator
window.

Prior to exposure to a predetermined stimulus, in this
embodiment a stimulus sensitive gel may preferably be con-
tained in just the second compartment. And prior to exposure
of' the stimulus indicating device to a predetermined stimulus
the color changing absorbent materials may be a first color,
visible through the indicator window or display portion.

Both the backing layer and the upper layer may, for
example, be constructed of a strong, resilient leak-proof
material, such as plastic or other polymer material, so as to
provide for the twisting or bending that might occur during
transportation of the stimulus sensitive product without tear-
ing, breaking or leaking. The backing layer and the upper
layer may also be made of a material that preferably allows
them to be joined and sealed together, such as by heat stamp-
ing or other suitable means. The backing layer and the upper
layer may both approximate the length and width of the
compartment, although variations in these dimensions are
within the scope of certain embodiments of the present inven-
tion. The upper layer may preferably be made of a clear
material, such as plastic, so that the user of the stimulus
indicating device can view at least some portion of the back-
ing material or color changing absorbent material. The upper
layer may also be able to accept paint or ink so as to allow for
coloring or concealing at least some portion of the first com-
partment.

Although a least some portion of the upper layer may also
accept paint or ink for coloring, it is preferable that the indi-
cator window portion of the upper layer remain free from ink
or coloring so that the user of the stimulus indicating device
may observe the first compartment through the indicator win-
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dow as explained herein. The backing layer may, for example,
also be able to accept paste, glue or other suitable adhesive on
the surface not facing the first compartment, so as to allow it
to be attached to a stimulus sensitive product.

Upon exposure of the stimulus sensitive gel to a predeter-
mined stimulus, the stimulus sensitive gel may undergo its
phase transition in reaction to the predetermined stimulus. As
the swollen stimulus sensitive gel undergoes its phase transi-
tion, the volume of the swollen stimulus sensitive gel changes
by collapsing or shrinking due at least to a portion of the
liquid contained in the polymer network being expelled.
Along with this liquid, at least some of the constituent parts
required for detection of unfavorable stimulus exposure,
which are incorporated into the polymer network during the
initial preparation, may be expelled as well.

By way of example only, the color changing absorbent
material may be divalent cation test paper, litmus paper or any
equivalent color changing absorbent material. What is impor-
tant is that the color changing absorbent materials may, for
example, have: 1) an affinity for the liquid and constituent
parts contained in, and then expelled from, the stimulus sen-
sitive gel; and 2) that at least a portion of the color changing
absorbent material changes color upon coming into contact
with the expelled liquid and/or constituent parts. More spe-
cifically, at least some of the constituent parts carried by the
expelled liquid may permanently bind onto the color chang-
ing absorbent material so as to cause the color changing
absorbent material to change color so that even if the expelled
liquid is subsequently reabsorbed by the shrunken stimulus
sensitive gel when the predetermined stimulus is removed,
those constituent parts may remain bound or trapped in the
color changing absorbent material.

By way of example only, the constituent parts contained in
the polymer matrix of the swollen stimulus sensitive gel, and
then expelled along with and carried by the expelled liquid
until both come into contact with the color changing absor-
bent material, may be divalent cations (by way of example,
Mg>* or Ca**). More specifically, as the stimulus sensitive gel
undergoes its phase transition due to exposure to a predeter-
mined stimulus, the swollen stimulus sensitive gel may not
only expel the liquid contained in the polymer matrix, but
may also expel the constituent parts, such as divalent cations
(by way of example only, Mg>* or Ca®*) also contained in the
polymer matrix of the swollen stimulus sensitive gel.

Then, when the expelled constituent parts (e.g., divalent
citations (by way of example only, Mg** or Ca®*)) carried by
the expelled liquid come into contact with the color changing
absorbent material, at least a portion of the color changing
absorbent material may not only change from a first color to
a second color, but the constituent parts may permanently
bind to the color changing absorbent material. It is important
that the color changing absorbent materials be reactive to the
expelled constituent parts. Thus, because the constituent parts
in the preferred embodiment preferably consist of divalent
cations, the color changing absorbent material may prefer-
ably be reactive to those divalent cations, and may include by
way of example only, divalent cationic paper. Examples of
such divalent cationic paper that may be used as the color
changing absorbent material includes a total-hardness indi-
cator paper or test stick that is available from Sigma-Aldrich
under the tradename QUANTOFIX®, is manufactured by
Macherey-Nagel under the trade name Aquador®, and that
changes color from blue to red upon coming into contact with
expelled liquid containing the constituent parts (by way of
example only, Mg>* or Ca®*). Preferably the color changing
absorbent material may operate in at least a semi-quantitative
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By the expelled constituent parts (e.g., divalent cations by
way of example only, Mg>* or Ca**) permanently binding to
the color changing absorbent material (e.g., by way of
example only, divalent cationic paper), even if the expelled
liquid were ultimately reabsorbed by the collapsed or
shrunken stimulus sensitive gel so as to become a partially or
fully re-swollen stimulus sensitive gel, the expelled constitu-
ent parts may remain permanently bound to the color chang-
ing absorbent material or cationic paper, and the color chang-
ing absorbent material (by way of example only cationic
paper) may remain permanently colored the second color.

Although the alternative embodiment discussed herein
employs divalent cation test paper as the color changing
absorbent material, alternative color changing absorbent
materials may also be used, so long as they are reactive to the
expelled constituent parts. By way of example only, the liquid
held in the polymer matrix of the swollen stimulus sensitive
gel may contain protons (H*). And as the swollen stimulus
sensitive gel undergoes its phase transition due to exposure to
apredetermined stimulus, the liquid may not only be expelled
from the swollen stimulus sensitive gel, but the H* may also
be expelled along with that liquid. Then when the expelled
constituent parts (by way of example, only H*) contained in
the expelled liquid subsequently come into physical contact
with the color changing absorbent material, such as litmus
paper (by way of example only, H* concentration indicator),
at least a portion of the color changing absorbent material
may react to the expelled constituent parts (by way of
example only, H"), and change from a first color to a second
color. Such litmus paper that is suitable for use as a color
changing absorbent material may include by way of example
only, the pH-indicator strips manufactured by EMD Chemi-
cals Inc. What is important is that the litmus paper changes
from a first color to a second color upon coming into contact
with the constituent parts.

In addition to changing from a first color to a second color,
the expelled constituent parts (by way of example only, H")
may permanently bind to the color changing absorbent mate-
rial. Accordingly, even if the expelled liquid were ultimately
reabsorbed by the collapsed or shrunken stimulus sensitive
gel, so as to become a partially or fully re-swollen stimulus
sensitive gel, the expelled constituent parts (by way of
example only, H") may remain permanently bound to the
color changing absorbent material, and the color changing
absorbent material may permanently remain colored the sec-
ond color.

Moreover, because the small channel(s), capillary(-ies) or
tube(s) keep the stimulus sensitive gel in the second compart-
ment, the stimulus sensitive gel preferably may not move into
the first compartment at any time, and is thereby prevented
from covering up the color changing absorbent material at all
times. Preferably, the stimulus sensitive gel may also be held
in the second compartment by an attachment point. In addi-
tion, if the color changing absorbent material is capable of
wicking the liquid and constituent parts out of the polymer
matrix of the swollen stimulus sensitive gel, simply by being
in physical contact with the swollen stimulus sensitive gel,
then the color changing absorbent material may be physically
separated from the swollen stimulus sensitive gel. Otherwise,
the color changing absorbent material may wick and absorb
the constituent parts (e.g., divalent cations or protons) from
the swollen stimulus sensitive gel even if the stimulus indi-
cating device had not been exposed to a predetermined stimu-
lus, resulting in a false indication that the stimulus sensitive
product attached to the stimulus indicating device had been
exposed to a predetermined stimulus, when in fact it had not.
Because the channel(s), capillary(-ies) or tube(s) keep the
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stimulus sensitive gel and the color changing absorbent mate-
rial physically separated, such false indications may be
avoided.

It should be noted that by manipulating the geometry of the
channel(s), capillary(-ies) or tube(s) connecting the first com-
partment to the second compartment the time required for the
expelled liquid to move from the second compartment into
the first compartment may be varied. Such manipulation of
the geometry of the channel(s), capillary(-ies) or tube(s) may,
for example, include increasing or decreasing its length and/
or increasing or decreasing its width and/or increasing or
decreasing the wicking ability of the material that makes up
the channel(s), capillary(-ies) or tube(s), so as to control the
speed at which the expelled liquid and the constituent parts
travel from the second compartment, through the channel(s),
capillary(-ies) or tube(s), and enter the first compartment.

An advantage of suing such an embodiment is that both the
exposure to a predetermined stimulus as well as the time of
exposure may be indicated. As an example, if the predeter-
mined stimulus occurs for just a short period of time, and is
removed before the expelled liquid and constituent parts have
completely moved from the second compartment through the
channel(s), capillary(-ies) or tube(s) and into the first com-
partment, then the expelled liquid and constituent parts may
be wicked or drawn back into the second compartment by the
shrunken stimulus sensitive gel as the shrunken stimulus sen-
sitive gel re-expands or swells. In this case, no irreversible
indication of exposure to the predetermined stimulus may be
indicated by color changing absorbent material because the
time of exposure to the predetermined stimulus was too brief
to enable enough expelled liquid and constituent parts to pass
completely through the channel(s), capillary(-ies) or tube(s),
react with the color changing absorbent material, and cause it
to change from a first color to a second color.

As embodied and broadly described, another embodiment
of the invention may, for example, be a device that indicates
when a stimulus sensitive product has potentially or conclu-
sively undergone a physical change in response to exposure to
a predetermined stimulus extreme.

As embodied and broadly described, another embodiment
of the invention may, for example, be a device that indicates
when a stimulus sensitive product has potentially or conclu-
sively undergone a physical change in response to exposure to
a predetermined stimulus extreme over a predetermined
period of time.

As embodied and broadly described, other embodiments of
the invention may, for example, include methods to manufac-
ture stimulus sensitive gels that indicate exposure to a prede-
termined stimulus extreme.

It is to be understood that both the general descriptions
above and the detailed descriptions below are exemplary and
are intended to provide further explanation of the various
embodiments of the inventions as claimed. As such it is
understood that any and/or all of the aspects or portions of the
various and alternative embodiments described herein or
described in prior applications are able to be combined,
mixed and matched, etc., so that although a certain embodi-
ment is not described herein, it is understood to be included in
this or previous disclosures.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed descrip-
tion of an exemplary preferred embodiment of the invention
with reference to the drawings in which:
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FIG. 1A is a side cross-sectional view of an embodiment of
the invention before exposure to a predetermined trigger
stimulus;

FIG. 1Bis aside cross-sectional view of the embodiment in
FIG. 1A after exposure to a predetermined trigger stimulus.

FIG. 2A is a top view of an embodiment of the invention
before exposure to a predetermined trigger stimulus;

FIG. 2B is a top view of the embodiment in FIG. 2A after
exposure to a predetermined trigger stimulus;

FIG. 2C is a top view of an alternate embodiment of the
invention before exposure to a predetermined trigger stimu-
lus;

FIG. 2D is a top view of an alternate embodiment in FIG.
2C after exposure to a predetermined trigger stimulus;

FIG. 2E is a top view of an alternate embodiment of the
invention before exposure to a predetermined trigger stimu-
lus;

FIG. 2F is a top view of an alternate embodiment in FIG. 2E
after exposure to a predetermined trigger stimulus.

FIG.3A is aside cross-sectional view of an embodiment of
the invention before exposure to a predetermined trigger
stimulus;

FIG. 3Bisaside cross-sectional view of the embodiment in
FIG. 3A after exposure to a predetermined trigger stimulus.

FIG. 4A is a side cross-sectional view of an embodiment of
the invention before exposure to a predetermined trigger
stimulus.

FIG. 4B is aside cross-sectional view of the embodiment in
FIG. 4A after exposure to a predetermined trigger stimulus.

FIG. 4C is a side view of an additional embodiment of the
invention before exposure to a predetermined trigger stimu-
lus.

FIG.5A is aside cross-sectional view of an embodiment of
the invention before exposure to a predetermined trigger
stimulus;

FIG. 5B is aside cross-sectional view of the embodiment in
FIG. 5A after exposure to a predetermined trigger stimulus.

FIG. 5C is a side view of an additional embodiment of the
invention before exposure to a predetermined trigger stimu-
lus.

FIG. 6A is a side cross-sectional view of an embodiment of
the invention before exposure to a predetermined trigger
stimulus;

FIG. 6B is a side cross-sectional view of the embodiment in
FIG. 6A after exposure to a predetermined trigger stimulus.

FIG. 6C is a side cross-sectional view of an additional
embodiment of the invention before exposure to a predeter-
mined stimulus.

FIG.7A is aside cross-sectional view of an embodiment of
the invention before exposure to a predetermined trigger
stimulus;

FIG. 7B is aside cross-sectional view of the embodiment in
FIG. 7A after exposure to a predetermined trigger stimulus.

FIG. 7C is a side cross-sectional view of an alternate
embodiment of the embodiment shown in FIG. 7A before
exposure to a predetermined trigger stimulus.

FIG. 7D is a side cross-sectional view of the embodiment in
FIG. 7C after exposure to a predetermined trigger stimulus.

FIG. 7E is a side cross-sectional view of an alternate
embodiment of the embodiment shown in FIG. 7A before
exposure to a predetermined trigger stimulus.

FIG. 7F is a side cross-sectional view of the embodiment in
FIG. 7E after exposure to a predetermined trigger stimulus.

FIG. 8A is a side cross-sectional view of an embodiment of
the invention before exposure to a predetermined trigger
stimulus.
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FIG. 8B is a side cross-sectional view of the embodiment in
FIG. 8A after exposure to a predetermined trigger stimulus.

FIG. 8C is a side cross-sectional view of an additional
embodiment of the invention before exposure to a predeter-
mined stimulus.

FIG. 9A is a side cross-sectional view of an embodiment of
the invention before exposure to a predetermined trigger
stimulus;

FIG. 9B s a side cross-sectional view of the embodiment in
FIG. 9A after exposure to a predetermined trigger stimulus.

FIG. 9C is an alternate side cross-sectional view of the
embodiment in FIG. 9A after exposure to a predetermined
trigger stimulus.

FIG. 10A is a side cross-sectional view of an embodiment
of the invention before exposure to a predetermined trigger
stimulus;

FIG. 10B is a side cross-sectional view of the embodiment
in FIG. 10A after exposure to a predetermined trigger stimu-
lus.

FIG. 10C is an alternate side cross-sectional view of an
embodiment of the invention after exposure to a predeter-
mined trigger stimulus.

FIG. 11A is a side cross-sectional view of an embodiment
of the invention before exposure to a predetermined trigger
stimulus;

FIG. 11B is a side cross-sectional view of the embodiment
in FIG. 11A after exposure to a predetermined trigger stimu-
lus

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION

It is well known that the expansion or swelling as well as
the collapsing or shrinking of polymer gels is dictated by
equilibrium thermodynamics. Therefore, a swollen stimulus
sensitive gel that collapses or shrinks when undergoing its
phase transition in reaction to a predetermined trigger stimu-
Ius will expand or swell back to its original volume if that
predetermined trigger stimulus is removed. For example,
when a swollen stimulus sensitive gel is exposed to a prede-
termined trigger stimulus, such as a temperature extreme, it
undergoes its phase transition and collapses or shrinks in
volume due to the expulsion or leaking of the fluid contained
in the gel. It is also well known that when the predetermined
trigger stimulus is removed, the stimulus sensitive gel will
undergo the reverse phase transition and collect the previ-
ously expelled liquid, thereby expanding or swelling in vol-
ume. Itis also well known that the reverse is true—a shrunken
stimulus sensitive gel that expands or swells when undergo-
ing its phase transition in reaction to a predetermined trigger
stimulus will collapse or shrink back to its original volume if
that predetermined trigger stimulus is removed. For example,
when a certain type of shrunken stimulus sensitive gel is
exposed to a predetermined trigger stimulus, such as a tem-
perature extreme, it undergoes its phase transition and
expands or swells in volume due to the collection or absorp-
tion of the fluid surrounding the shrunken stimulus sensitive
gel. It is also well known that when the predetermined stimu-
lus is removed, the now expanded or swollen stimulus sensi-
tive gel will undergo the reverse phase transition and expel the
previously collected liquid, thereby collapsing or shrinking in
volume.

Thus, the problem with the known stimulus sensitive gels is
that they are reversible. Accordingly, it is necessary to
develop stimulus indicating devices that are irreversible. Dis-
closed herein are embodiments that ensure an irreversible,
reliable visual indication of a stimulus sensitive gel undergo-
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ing a phase transition in response to a predetermined stimu-
lus, and either permanently remain in that transitioned state,
or permanently indicate that exposure to a predetermined
stimulus occurred. The predetermined trigger stimulus could
be exposure of the stimulus sensitive gel to a certain tempera-
ture, or it could be exposure of the stimulus sensitive gel to
other stimuli such as light, pH, humidity, radiation, electro-
magnetic radiation, visible light, radiation, solvent composi-
tion, ionic strength, etc. For sake of clarity this application
will focus on exposure of the stimulus sensitive gel to a
predetermined temperature stimulus.

Also, it is to be understood that both the general descrip-
tions above and the following detailed descriptions are exem-
plary and are intended to provide further explanation of cer-
tain embodiments of the inventions as claimed. As such it is
understood that any and/or all of the aspects or portions of the
various and alternative embodiments described herein or
described in prior applications are able to be combined,
mixed and matched, etc., so that although a certain embodi-
ment is not described herein, it is understood to be included in
this or previous disclosures.

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein,
there are multiple categories of embodiments of the stimulus
indicating device.

One such category pertains to a stimulus indicating device
that employs the use of a stimulus sensitive gel that does not
require the interaction of a secondary aspect to permanently
indicate exposure to a predetermined stimulus. More particu-
larly, this category pertains to a stimulus indicating device
that, as embodied and broadly described herein and in con-
junction with at least the preferred embodiment as disclosed
in conjunction with FIG. 1A and FIG. 1B, which may employ
a stimulus sensitive gel in conjunction with an indicator spot,
but does not require a secondary aspect (by way of example
only, this means it does so, for example, without the need for
another substance to absorb the liquid expelled from the gel;
or without the need for another aspect to react to the expelled
constituent parts; or does not require a constricting portion to
block the movement of the stimulus sensitive gel) to enable it
to permanently indicate to a user that the product attached to
the stimulus indicating device had been exposed to a prede-
termined stimulus.

This ability to singularly and permanently indicate expo-
sure to a predetermined stimulus results from attractive forces
at the molecular level inside the stimulus sensitive gel. These
attractive forces are the result of the strong affinity the poly-
mer chains have for each other, which is caused in part by the
hydrogen bonding and electrostatic attractions among the
polymer chains of the stimulus sensitive gel used in the pre-
ferred embodiment. In the preferred embodiment discussed
herein, the stimulus sensitive gel is of the UCST type of gel,
and more preferably is of the polyacrylamide-co-sodium
3-butenoate type of UCST type gel. As such, the preferred
UCST type gels normally possess electrostatic interactions
and hydrogen bonding between the acrylamide, acrylic acid
and sodium 3-butenoate monomers forming the polymer
chains. These are all weak forces when compared to the
permanent covalent bonds, which link repeating units in a
polymer chain.

When these weak forces found in the preferred stimulus
sensitive gel are multiplied by the myriad of such interactions
taking place upon undergoing its phase transition in reaction
to a predetermined stimulus so as to collapse or shrink, that
collapsed or shrunken state is permanently stabilized, even
when the predetermined stimulus is removed.
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The fact that the collapsed or shrunken stimulus sensitive
gel is stabilized by weak forces, and is not stabilized by
permanent bonds, is evidenced by the ability of the collapsed
or shrunken stimulus sensitive gel employed in the preferred
embodiment to undergo its reverse phase transition and
returns to its expanded or swollen state only when the solvent
is replaced by fresh water. A discussion of how these forces
may interact to stabilize the collapsed or shrunken state of the
preferred stimulus sensitive gel is disclosed by Ilmain et al.,
“Volume Transition in a Gel Driven by Hydrogen Bonding,”
Nature volume 349 at 400 to 401, and is incorporated herein.

In contrast, there are other types of stimulus sensitive gels,
such as LCST types gels and in particular the PNIPAAm type
of' stimulus sensitive gels, that when they collapse or shrink in
response to a predetermined stimulus, will undergo reverse
phase transition when the predetermined stimulus is removed
because PNIPAAm chains have a limited ability to interact
electrostatically since they are not electrically charged, nor
form hydrogen bonds since carboxylic acid groups are absent.
Consequently, the reverse transition occurs quite easily.

In one preferred embodiment the stimulus sensitive gel is
kept in a bath of liquid that bathes the swollen stimulus
sensitive gel and prevents it from prematurely undergoing its
phase transition due to the volatile liquid or constituent parts
contained in the swollen stimulus sensitive gel (by way of
example only, the acetone) evaporating before the stimulus
sensitive gel could be sealed in its container. The scope of the
preferred embodiment, however, includes the use of proper
manufacturing procedures and precautions so that the pre-
ferred swollen stimulus sensitive gel could be manufactured
without being contained in a liquid bath.

Accordingly, when the swollen stimulus sensitive gel of
this preferred embodiment collapses or shrinks to become the
shrunken stimulus sensitive gel, the attractive forces are so
strong that the shrunken stimulus sensitive gel remains col-
lapsed or shrunken post-phase transition so long as the
shrunken stimulus sensitive gel remains in the closed envi-
ronment and no tangible substances are allowed to enter or
leave the compartment, thereby maintaining the fluid sur-
rounding the shrunken stimulus sensitive gel in a constant
state. Thus, so long as the liquid surrounding the post-phase
transition stimulus sensitive gel remains constant, the
shrunken stimulus sensitive gel will remain collapsed or
shrunken and the indicator spot will remain visible through
the indicator window, even if the predetermined stimulus is
subsequently removed.

As embodied and broadly described herein and in conjunc-
tion with at least F1G. 3A and FIG. 3B, FIG. 4A, FI1G. 4B and
FIG. 4CFIG. 5A, F1G. 5B and FI1G. 5C and FIG. 6A, FIG. 6B
and FIG. 6C there are alternate embodiments of the preferred
“permanently collapsed embodiment,” which may employ a
stimulus sensitive gel that requires additional aspects in order
to ensure that the stimulus sensitive gel remains in its post-
phase transition state so as to ensure that the indicator spot is
permanently covered or permanently revealed (depending on
whether the stimulus sensitive gel is of the UCST type or of
the LCST type) and permanently indicates to a user that the
product attached to the stimulus indicating device had been
exposed to a predetermined stimulus.

Also as discussed herein and in and in conjunction with at
least FIG. 7A, FIG. 7B, FIG. 7C, FIG. 7D, FIG. 7E and FIG.
7F, and FIG. 8A, FIG. 8B and F1G. 8C, and F1G. 9A, F1G. 9B
and F1G. 9C, and FIG. 10A, FIG. 10B and FIG. 10C, and FIG.
11A and FIG. 11B, there are alternate embodiments of one
preferred “permanently collapsed embodiment,” which may
require an additional aspect, such as a color changing absor-
bent material, in order to ensure that the stimulus indicating
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device permanently indicates to a user that the stimulus indi-
cating device had been exposed to a predetermined stimulus.

It will be understood by one of ordinary skill in the art that,
for example, the three broad types of embodiments can be
combined with one another to arrive at another embodiment
of a stimulus indicating device that, via the use of a stimulus
sensitive gel, indicates to a user that the stimulus indicating
device had been exposed to a predetermined stimulus. It will
also be understood that the type of stimulus sensitive gel
employed in the stimulus indicating device can be either of
the UCST type stimulus sensitive gel, or of the LCST type
stimulus sensitive gel. For sake of convenience and by way of
explanation only, the embodiments discussed herein are dis-
cussed in terms ofthe UCST type stimulus sensitive gels. And
as is well known, when a UCST type stimulus sensitive gel is
put in contact with a good solvent or is exposed to increasing
temperature, the polymer chains of the UCST type stimulus
sensitive gel extend to maximize contact with the solvent
molecules. As a result of the extension of the polymer chains,
the UCST type stimulus sensitive gel made from such poly-
mer chains swell because they absorb the solvent molecules.
Conversely, when a UCST type stimulus sensitive gel is put in
contact with a poor solvent or is exposed to decreasing tem-
perature, the polymer chains of that UCST type stimulus
sensitive gel will shrink in order to shield themselves from the
solvent molecules. The preferred embodiment discussed
herein takes advantage of these operating principles, although
one of ordinary skill in the art will understand that other types
of stimulus sensitive gels, such as LCST type stimulus sen-
sitive gels can be substituted for the UCST type stimulus
sensitive gels.

Preferably the stimulus sensitive gels employed in the
embodiments discussed herein are of the Polyacrylamide
(PAAm) type gels with its derivatives, and as such will shrink
and expel its solvent and constituent parts when exposed to a
predetermined stimulus. In the case of stimulus sensitive gels
prepared from PAAm type gels with its derivatives, water is a
good solvent whereas acetone, ethanol and their mixtures,
with water, are poor solvents. Thus, as the swollen stimulus
sensitive gel is exposed to a predetermined stimulus, such as
temperature, the swollen stimulus sensitive gel expels
acetone and water and accordingly collapses or shrinks in
volume.

As aresult of the collapsing or shrinking in volume and the
corresponding expulsion of the constituent parts (such as
solvent and water) the indication of exposure to a predeter-
mined stimulus occurs by either: i) partially or fully revealing
an indicator spot; or ii) causing a color changing absorbent
material to change color.

It will be appreciated that the embodiments discussed
herein employing stimulus sensitive gels that contain acetone
and water as constituent parts is illustrative only, and those
constituent parts could be replaced by any other fluids that
work for the same purpose, such as ethanol and water, or with
acetone or other non-polar solvents, polar solvents, etc.

1. Embodiments with Single Compartment with
Non-Reversible Gel

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 1A and FIG. 1B, the preferred
embodiment of the inventive stimulus indicating devices
described herein preferably has a single compartment or first
compartment 102 containing a preferably swollen stimulus
sensitive gel 110, and indicator spot 116, and a liquid bath
103. Although this embodiment is described in terms of the
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stimulus sensitive gel preferably being swollen initially, as
discussed herein in regard to stimulus sensitive gels, one of
ordinary skill in the art would appreciate that the same inven-
tion can be achieved with an initially shrunken stimulus sen-
sitive gel that expands or swells upon exposure to a predeter-
mined stimulus so as to cover an indicator spot. In this
preferred embodiment the first compartment 102 is formed by
the backing layer 125 on the bottom of the stimulus indicating
device 100 and an upper layer 126 on the top of the stimulus
indicating device 100. The top layer 126 of the stimulus
indicating device 100 is formed by at least the indicator
window 112 and the top portion 108 of the top layer 126. The
indicator spot 116 can be viewed through an indicator win-
dow 112 located in the top layer 126 of the stimulus indicating
device 100. The swollen stimulus sensitive gel 110 is sur-
rounded by the liquid bath 103.

Prior to being exposed to a predetermined trigger stimulus,
the swollen stimulus sensitive gel 110 has not yet undergone
a phase transition and preferably covers the entire indicator
spot 116. The indicator spot 116 is positioned below the
indicator window 112, but is preferably not visible through
the indicator window 112 prior to the stimulus indicating
device 100 being exposed to the predetermined stimulus
because it is preferably entirely covered by the swollen stimu-
lus sensitive gel 110. As shown in FIG. 1A, only a portion of
the swollen stimulus sensitive gel 110 is visible through the
indicator window 112, with the remaining portion of the
swollen stimulus sensitive gel 110 hidden from the view of
the user by the top portion 108 of the stimulus indicating
device 100.

The swollen stimulus sensitive gel 110 contains fluid 114
and constituent parts 109, which allow the swollen stimulus
sensitive gel 110 to maintain its expanded or swollen volume.
When the swollen stimulus sensitive gel 110 is exposed to a
predetermined stimulus, however, it undergoes its phase tran-
sition and the fluid 114 and constituent parts 109 contained in
the swollen stimulus sensitive gel 110 are expelled from the
swollen stimulus sensitive gel 110 and enter the liquid bath
103.

As the expelled fluid 115 and constituent parts 109 leave
the swollen stimulus sensitive gel 110, the swollen stimulus
sensitive gel 110 collapses or shrinks in volume, so as to result
in the shrunken stimulus gel 120 shown in FIG. 1B. As shown
in FIG. 1B, as the swollen stimulus sensitive gel 110 collapses
or shrinks in volume, it preferably moves towards the attach-
ment point 118, and in a direction away from the indicator
spot 116 and indicator window 112. Thus, by decreasing the
volume of the swollen stimulus sensitive gel 110 to result in
the shrunken stimulus sensitive gel 120, the indicator spot 116
is visible to the user through the indicator window 112. Thus,
as the volume of the swollen stimulus sensitive gel 110
decreases it begins to resemble the shrunken stimulus sensi-
tive gel 120, and reveals the indicator spot 116 to the user
through the indicator window 112.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 110 to collapse or shrink entirely in
order for the indicator spot 116 to be visible to the user.
Instead, if even a portion of the indicator spot 116 is visible to
the user through the indicator window 112, that is enough to
signal to the user that the product attached to the stimulus
indicating device 100 had been exposed to a potentially harm-
ful stimulus. More specifically, although the decrease in vol-
ume of the swollen stimulus sensitive gel 110 in all of the
embodiments of the stimulus indicating device 100 discussed
herein can be by any amount so long as it is registerable,
preferably the decrease in volume of the swollen stimulus
sensitive gel 110 would be between at least a /10 reduction in
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original volume, and up to a 500 times decrease in original
volume. In regard to all embodiments of the stimulus indicat-
ing device 100 discussed herein as they pertain to the decrease
in the volume being “registerable” what is meant is that the
volume change of the swollen stimulus sensitive gel 110
expels enough liquid 114 and/or constituent parts 109 from
the swollen stimulus sensitive gel 110 to cause the swollen
stimulus sensitive gel 110 to collapse or shrink enough so that
it reveals enough of the indicator spot 116 so that a register-
able change in color (e.g., a change in color from a first color
to a second color) or indication (e.g., an indicator spot 116
that is the same color as the stimulus sensitive gel 110 and 120
but is a glyph, such as an “X” or “skull and cross bones”)
occurs in the stimulus indicating device 100, and is visible via
the indicator window 112, and indicates to the user that the
product had been exposed to a predetermined stimulus. Of
course, one of ordinary skill in the art understands the reverse
is true, and that if a stimulus sensitive gel 110 and 120 is
employed that covers up the indicator spot upon exposure to
apredetermined stimulus, then it need only cover a portion or
enough of the indicator spot 116 so that a registerable change
in color (e.g., a change in color from a first color to a second
color) occurs in the stimulus indicating device 100, and is
visible via the indicator window 112.

As discussed herein, the preferred embodiment of the
stimulus indicating device 100 initially contains a swollen
stimulus sensitive gel 110 that uses the attractive forces
within the stimulus sensitive gel 110 and 120 to permanently
indicate exposure to a predetermined stimulus. These attrac-
tive forces are the result of the strong affinity the polymer
chains in the shrunken stimulus sensitive gel 120 have for
each other, which is caused in part by the hydrogen bonding
and electrostatic attractions among the polymer chains of the
shrunken stimulus sensitive gel 120 used in the preferred
embodiment. In this preferred embodiment, the stimulus sen-
sitive gel 110 and 120 is of the UCST type of gel, and more
preferably is of the polyacrylamide-co-sodium 3-butenoate
type of UCST type gel. As such, the preferred UCST type gels
normally possess electrostatic interactions and hydrogen
bonding between the acrylamide, acrylic acid and sodium
3-butenoate monomers forming the polymer chains. These
are all weak forces when compared to the permanent covalent
bonds, which link repeating units in a polymer chain.

When these weak forces found in the preferred stimulus
sensitive gel 110 and 120 are multiplied by the myriad of
interactions that occur when the swollen stimulus sensitive
gel 110 undergoes its phase transition in reaction to a prede-
termined stimulus and collapses or shrinks so as to become
(even partially) the shrunken stimulus sensitive gel 120, that
collapsed or shrunken stimulus sensitive gel 120 is perma-
nently stabilized, even when the predetermined stimulus is
removed. A discussion of how these forces may interact to
stabilize the collapsed or shrunken state of the preferred
stimulus sensitive gel is disclosed by Ilmain et al., “Volume
Transition in a Gel Driven by Hydrogen Bonding,” Nature
volume 349 at 400 to 401, and is incorporated herein.

The collapsed or shrunken stimulus sensitive gel 120 will
remain stabilized and in its collapsed state, and will not
undergo its reverse phase transition and thereby expand or
swell to its original volume unless the solvent is replaced by
fresh water.

Whether or not the combined strength of the weak attrac-
tions present in the shrunken stimulus sensitive gel is suffi-
cient to stabilize the shrunken state and prevent it from
expanding to the swollen state once the harmful stimulus is
removed is dependent on: (i) the monomers building the
chains themselves and (ii) the type of solvent and constituent
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parts and the relative amounts of them contained within the
stimulus sensitive gel. For example and as explained herein,
manipulating the amount of water and acetone in a swollen
stimulus sensitive gel 110 will cause the swollen stimulus
sensitive gel 110 to require either greater or lesser intensity of
its predetermined stimulus in order to undergo its phase tran-
sition and collapse or shrink.

For example, if the predetermined stimulus was (by way of
example only) temperature, decreasing the concentration of
the acetone in the swollen stimulus sensitive gel 110 during its
manufacture will cause that swollen stimulus sensitive gel
110 to require a cooler temperature in order to undergo its
phase transition and collapse or shrink so as to become the
permanently shrunken stimulus sensitive gel 120, and remain
permanently collapsed or shrunken until the solvent is
replaced by fresh water.

For example, if the swollen stimulus sensitive gel 110 is a
10% crosslinked poly (AAm-co-SB) gel that has a acetone
concentration of 59.5%, the transition temperature would be
2° C. However, if the swollen stimulus sensitive gel 110 is a
10% crosslinked poly (AAm-co-SB) gel that has a acetone
concentration o' 61%, the transition temperature would occur
at room temperature or roughly 22° C.

As the stimulus sensitive gel is exposed to a predetermined
stimulus, by way of example only a certain temperature, and
it undergoes its phase transition by collapsing or shrinking in
volume, it not only uncovers the indicator spot 116 visible
through the display portion or indicator window 112, but it
expels the fluid (by way of example only, water) and constitu-
ent parts 109 (by way of example only, acetone) from within
the matrix of the swollen stimulus sensitive gel 110 and into
the fluid 103 contained in the single compartment 102 of the
stimulus indicator 100 that surrounds and bathes the swollen
stimulus sensitive gel 110. Importantly, as the fluid 114 and
constituent parts 111 are expelled from within the matrix of
the swollen stimulus sensitive gel 110 and into the fluid 103
contained in the single compartment 102, the attractive forces
within the matrix of the swollen stimulus sensitive gel 110
and 120 cause the partially or fully shrunken stimulus sensi-
tive gel 120 to remain permanently collapsed or shrunken
(even partially). Thus, the attractive forces resulting from the
strong affinity the polymer chains in the shrunken stimulus
sensitive gel 120 have for each other, which is caused in part
by the hydrogen bonding and electrostatic attractions among
the polymer chains of the shrunken stimulus sensitive gel 120
keeps the shrunken stimulus sensitive gel 120 collapsed or
shrunken. Thus, one preferred embodiment of this invention
does not follow the typical reversibility pattern of a stimulus
sensitive gel 110 and 120 (i.e., the collapsed or shrunken
stimulus sensitive gel 120 of this preferred embodiment will
not expand or swell back to or near its original volume when
the predetermined stimulus is removed) because so long as
the shrunken stimulus sensitive gel 120 is maintained in a
stimulus indicating device 100 in which the first compartment
102 is closed to tangible substances (i.e., the shrunken stimu-
lus sensitive gel 120 and the fluid 103 surrounding the
shrunken stimulus sensitive gel 120 are contained in the first
compartment 102 that is sealed and that prevents any outside
liquids or constituent parts from passing into or out of that
sealed first compartment 102), but is open to intangible
stimuli (i.e., the sealed first compartment 102 still allows
stimuli that cause the stimulus sensitive gel 110 and 120 to
undergo a phase transition, to pass in and out of the sealed first
compartment 102), the shrunken stimulus sensitive gel 120
will not expand or swell back to (or near to) its original
swollen stimulus sensitive gel 110 volume, even when the
predetermined stimulus is removed (by way of example only,
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even if the subsequent temperature of the shrunken stimulus
sensitive gel 120 far exceeds the temperature at which the
previously swollen stimulus sensitive gel 110 collapsed or
shrunk in reaction to that predetermined stimulus). Because
the shrunken stimulus sensitive gel 120 in the preferred
embodiment remains collapsed or shrunken even when the
predetermined stimulus is removed, so long as the shrunken
stimulus sensitive gel 120 remains in a closed environment,
the indicator spot 116 in the stimulus indicating device 100
will remain permanently visible to the user of the stimulus
indicating device 100.

More particularly, shrunken stimulus sensitive gel 120 of
this preferred embodiment will only undergo its reverse phase
transition and expand or swell back to the swollen stimulus
sensitive gel’s 110 original volume when: i) the predeter-
mined stimulus is removed; and ii) the sealed first compart-
ment 102 in which the shrunken stimulus sensitive gel 120 is
contained is no longer closed to tangible substances (by way
of'example only, distilled water is added to the first compart-
ment 102).

By way of example only, if predetermined stimulus is
removed and the acetone-water mixture inside the polymer
matrix of the shrunken stimulus sensitive gel 120 of the pre-
ferred embodiment is replaced with pure distilled and deion-
ized water, the shrunken stimulus sensitive gel will undergo
its reverse phase transition and will expand or swell back to its
original swollen stimulus sensitive gel 110 volume. By way
of' example only, if the swollen stimulus sensitive gel 110 of
the preferred embodiment collapses or shrinks in response to
apredetermined stimulus of a temperature dropping below 2°
C., that then shrunken stimulus sensitive gel 120 will not
expand or swell back to or near its original volume or size
even when the temperature of the shrunken stimulus sensitive
gel 110 is increased to ambient temperature (25° C. or 77° F.)
or higher for a period of months.

Thus, because of the method of manufacture of the stimu-
lus sensitive gel 110 and 120 in this preferred embodiment as
disclosed herein, the shrunken stimulus sensitive gel 120
remains collapsed or shrunken so long as the first compart-
ment 102 of the stimulus indicating device 100 system
remains closed or sealed (by way of example only, no distilled
liquid or constituent parts 111 are withdrawn from the first
compartment 102 nor are they inserted into the first compart-
ment 102), the collapsed or shrunken stimulus sensitive gel
120 is unable to expand or swell when the predetermined
trigger stimulus (by way of example only, the temperature of
the stimulus sensitive gel goes below 2° C.) is removed. Thus,
the indicator spot 116 that is visible upon the collapsing or
shrinking of the previously swollen stimulus sensitive gel 110
is now permanently visible due to the shrunken stimulus
sensitive gel 120 being permanently collapsed or shrunken in
volume.

Itwill be appreciated that the embodiment discussed herein
teaching the stimulus sensitive gel 110 and 120 as containing
water as the liquid 114 and acetone as the constituent parts
109 is illustrative only; and it will be appreciated that the
liquid 114 and those constituent parts 109 could be replaced
by any other substances or mixtures or elements or ions that
work for the same purpose, such as mixtures of ethanol and
water, or mixtures of water and other non-polar and polar
solvents, etc.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
110 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 110 and 120 to undergo its
phase transition. For example, the swollen stimulus sensitive
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gel 110 of this preferred embodiment could trigger or undergo
its phase transition upon exposure to a predetermined stimu-
lus such as a predetermined pH level, or the swollen stimulus
sensitive gel 110 of this preferred embodiment could trigger
or undergo its phase transition upon exposure to a predeter-
mined level of electromagnetic radiation.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future.

Both the backing layer 125 and the upper layer 126 may be
constructed of a strong, resilient leak-proof material, such as
plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
or application to the stimulus sensitive product without tear-
ing, breaking or leaking. The backing layer 125 and the upper
layer 126 may also be made of a material that preferably
allows them to be joined and sealed together, such as by heat
stamping or other suitable means. The backing layer 125 and
the upper layer 126 can both approximate the length and
width of the first compartment 102, although variations in
these dimensions are within the scope of the present inven-
tion. The upper layer 126 can preferably be made of a clear
material, such as plastic, so that the user of the stimulus
indicating device 100 can view at least some portion of the
backing material or indicator spot 116 through the indicator
window 112. The upper layer 126 can also be able to accept
paint or ink so as to allow for coloring or concealing at least
some portion of the first compartment 102.

Although some portion of the upper layer 126 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 112 portion of the upper layer 126 remain free
from ink or coloring so that the user of the stimulus indicating
device 100 can observe the first compartment 102 through the
indicator window 112 as explained herein.

The stimulus sensitive gel 110 and 120 employed by the
preferred embodiment, as shown in FIG. 1A and FIG. 1B, is
preferably manufactured so as to contain a dye or colorant
that is different from the color of the indicator spot 116. In this
way the color of the stimulus sensitive gel 110 and 120 in both
its swollen and collapsed state, is different from the color of
the indicator spot 116. Thus, when the swollen stimulus sen-
sitive gel 110 collapses or shrinks in response to the prede-
termined stimulus, by even a partial amount, the change or
decrease in volume will result in the stimulus indicating
device 100 changing, at least partially, from a first color to a
second color, wherein the color change is visible to the user of
the stimulus indicating device 100 through the indicator win-
dow 112.

More particularly, as shown in FIG. 2A in conjunction with
FIG. 1A and FIG. 1B, by coloring the swollen stimulus sen-
sitive gel 110 and 210 a different color than the indicator spot
116 and 216 as well as making it opaque enough, the swollen
stimulus sensitive gel 110 and 210 can hide that indicator spot
116 and 216 from the view of the user prior to being exposed
to the predetermined trigger stimulus. By way of example
only, the swollen stimulus sensitive gel 110 and 210 may
contain a suitable dye or color additive such as green. When
that green colored swollen stimulus sensitive gel 110 and 210
is viewed pre-phase transition through the indicator window
112 and 212, it informs the user (perhaps in conjunction with
alegend or colorkey) that the product attached to the stimulus
indicating device 100 and 200 had not been exposed to a
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potentially harmful stimulus. But as shown in FIG. 2B in
conjunction with FIG. 1A and FIG. 1B, because the colors of
the swollen stimulus sensitive gel 110 and 210 and the indi-
cator spot 116 and 216 are different, once the swollen stimu-
lus sensitive gel 110 and 210 undergoes its phase transition
and collapses or shrinks even partially, the indicator spot 116
and 216 is at least partially revealed. In this way the user is
warned that the product attached to the stimulus indicating
device 100 and 200 had been exposed to a potentially harmful
stimulus.

In an alternate embodiment shown in FIG. 2C and FIG. 2D
in conjunction with FIG. 1A and FIG. 1B, the swollen stimu-
lus sensitive gel 110 and 210 need not be opaque, but instead
could be thin enough so that the color of the swollen stimulus
sensitive gel 110 and 210 in combination with the color of the
indicator spot 116 and 216 could result in a third color. By
way of example only, if the swollen stimulus sensitive gel 110
and 210 were colored blue, and the indicator spot 116 and 216
were colored yellow, and if the swollen stimulus sensitive gel
110 and 210 were thin enough, the combination of the two
colors would result in the creation of a third color—green.
Thus, even though the stimulus indicating device 100 and 200
could potentially show: 1) green prior exposure to the prede-
termined stimulus; ii) only yellow after exposure to the pre-
determined stimulus; and/or iii) three colors simultaneously
(i.e., the blue of the swollen stimulus sensitive gel 110 and
210, and the yellow ofthe indicator spot 116 and 216, and the
green resulting from the combination of the blue and yellow),
such potential colors are irrelevant because the stimulus indi-
cating device 100 and 200 would definitively indicate that the
stimulus sensitive product to which it is attached had been
exposed to a predetermined stimulus.

In an alternative embodiment of the present invention, as
shown in FIG. 2E and FIG. 2F in conjunction with FIG. 1A
and FIG. 1B, the swollen stimulus sensitive gel 110 and 210
can be dyed the same color as the indicator spot 116 and 216.
In doing so the swollen stimulus sensitive gel 110 and 210
does not need to be significantly opaque. Instead the visual
impression through the indicator window 112 and 212 of the
swollen stimulus sensitive gel 110 and 210 in combination
with the indicator spot 116 and 216 simply needs to appear
uniform in color so that the indicator spot 116 and 216 cannot
be discerned through the swollen stimulus sensitive gel 110
and 210. Because in this alternate embodiment of the pre-
ferred embodiment, the swollen stimulus sensitive gel 110
and 210 and the indicator spot 116 and 216 are the same color,
as shown in FIG. 2F the indicator spot 116 and 216 is pref-
erably a design or glyph (by way of example only, an “X” or
a skull and cross bones) that, once revealed due to the
shrunken stimulus sensitive gel 120 and 220 moving away
from the indicator window 112 and 212 and no longer cover-
ing some or all of the indicator spot 116 and 216, the stimulus
indicating device 100 and 200 will warn the user that the
product attached to it had been exposed to a potentially harm-
ful stimulus.

It should be noted that the indicator spot 216 embodiments
discussed in regard to FIG. 2A through FIG. 2F are compat-
ible with all embodiments of stimulus indicator devices dis-
cussed herein and discussed in prior applications.

Preferably, the stimulus sensitive gel 110 and 120 would be
fixed or secured at the attachment point 118, or at more than
one attachment point desired. The stimulus sensitive gel 110
and 120 may be fixed to the attachment point 118 with a
suitable epoxy, glue, or it could be heat stamped upon creation
of the stimulus indicating device 100. The attachment point
118 is preferably positioned at a point opposite the indicator
spot 116 and indicator window 112. Attaching the stimulus
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sensitive gel 110 and 120 to the attachment point 118 helps to
ensure that the swollen stimulus sensitive gel 110 collapses or
shrinks in a desired direction—preferably toward the attach-
ment point 118, and away from the indicator spot 116 and
away from the indicator window 112, so that the indicator
spot 116 is at least partially revealed upon exposure to a
predetermined stimulus. Securing or fixing the stimulus sen-
sitive gel 110 and 120 to the attachment point 118 prevents the
stimulus sensitive gel 110 and 120 from floating or moving
within the compartment and covering up the indicator spot
116 after the swollen stimulus sensitive gel 110 had under-
gone its phase transition, thereby preventing a false indication
that the product attached to the stimulus indicator device 100
had not been exposed to a predetermined stimulus.

All embodiments discussed herein of the stimulus indicat-
ing device 100 containing the swollen stimulus sensitive gel
110 and the shrunken stimulus sensitive gel 120 may be based
on any type of stimulus sensitive gel that undergoes a phase
transition upon exposure of the stimulus sensitive gel to a
predetermined stimulus. The preferred types of stimulus sen-
sitive gels include polyacrylic acid (PAA) gel, a polyacryla-
mide (PAAm) gel, and/or its variations such as poly(N-iso-
propylacrylamide) (PNIPAAm) gels, and/or their derivatives.
As is known in the art, such stimulus sensitive gels and/or
other equivalent gels and/or their derivatives, undergo a sig-
nificant change in volume in response to a range of stimuli,
including temperature, solvent composition, pH, ionic
strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 110 and 120 used
in all the embodiments of the stimulus indicating device 100
discussed herein can be selected so as to correlate to a specific
situation. For example, one of ordinary skill will appreciate
and understand that if the stimulus sensitive gel in this
embodiment is swollen at the beginning of'its use as it under-
goes its phase transition, it will collapse or shrink, thereby
causing a change in color or indication in the stimulus indi-
cator 100. Alternatively, the stimulus sensitive gel could start
out collapsed or shrunken, but upon exposure to its predeter-
mined stimulus it would permanently expand or swell and
cause a change in color or indication in the stimulus indicator
100. By way of example only and as disclosed herein and in
prior applications, a stimulus sensitive gel 110 and 120 can be
of'the UCST or the LCST type gel. As one of ordinary skill in
the art will appreciate, a UCST type stimulus sensitive gel,
such as PAAm gels, could be used when one wishes to have an
initially swollen stimulus sensitive gel collapse or shrink
when cooled below a predetermined or trigger temperature
and thereby: 1) reveal an indicator spot; or ii) expel liquid
and/or constituent parts, both of which result in the stimulus
indicating device exhibiting a change in color or indication. A
UCST type gel could also be used when one wishes to have an
initially shrunken stimulus sensitive gel expand or swell
when it is heated beyond a predetermined stimulus, and
thereby: 1) cover an indicator spot; or ii) collect liquid and/or
constituent parts, both of which result in the stimulus indicat-
ing device exhibiting a change in color or indication. Alter-
natively, an LCST type stimulus sensitive gel, such as
PNIPAAm gels, could be used when one wishes to have an
initially swollen stimulus sensitive gel collapse or shrink
when heated above a predetermined or trigger temperature
and thereby: 1) reveal an indicator spot; or ii) expel liquid
and/or constituent parts, both of which result in the stimulus
indicating device exhibiting a change in color or indication.
AnLCST type gel could also be used when one wishes to have
an initially shrunken stimulus sensitive gel expand or swell
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when it is cooled below a predetermined stimulus, and
thereby: 1) cover an indicator spot; or ii) collect liquid and/or
constituent parts, both of which result in the stimulus indicat-
ing device exhibiting a change in color or indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 110 and 120 discussed
herein in regard to all embodiments of the stimulus indicating
device 100 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 110 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 120; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 110), the range and scope of this invention
includes, for example, and envisions the swollen stimulus
sensitive gel 110 and the shrunken stimulus sensitive gel 120
also being of the LCST type of gel. Moreover, it should be
noted that all the variations of the different embodiments
discussed herein can be combined with the variations of other
embodiments described herein and that are known in the art,
as would be understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 110 and 120 employed in all the
embodiments of the stimulus indicating device 100 discussed
herein were made of UCST type stimulus sensitive gels, it
could be any number of such UCST gels, including: 1) poly-
acrylic acid (PAA) gel combined with polyacrylamide
(PAAm) gel; or i) PAAm gel combined with poly sodium
3-butenoate (SB) gel to result in the creation of poly(AAm-
co-SB) gel; or iii) their derivates, and as described in Tanaka,
“Gels,” Scientific American 244 (1981) at 124-138 and
Tanaka, “Phase Transitions in lonic Gels,” Physical Review
Letters 45 (1980) at 1636-1639, the predetermined “trigger”
stimulus at which a UCST gel undergoes its phase transition,
and thereby expels the liquid 114 and constituent parts 111
and thus collapses or shrinks in volume, can be “tuned” to a
particular value by changing the solvent trapped in the gel
polymer matrix in addition to introducing salts, surfactants,
or other substances to the gel matrix. Such “tuning” in regard
to UCST type gels is discussed herein. Similarly, if the stimu-
lus sensitive gel 110 and 120 employed in all the embodi-
ments of the stimulus indicating device 100 discussed herein
were made of LSCT type stimulus sensitive gels, it could be
any number of such LSCT gels, including PNIPAAm and as
described in U.S. Pat. No. 4,732,930 in regard to PNIPAAm
or LCST type gels the predetermined stimulus, such as tem-
perature at which a stimulus sensitive gel 110 and 120 under-
goes its phase transition and changes volume, can be “tuned”
to a particular value by adding salts, surfactants, or other
substances to the gel matrix. Explanations of how the transi-
tion temperature of an LCST gel can be tuned can be found in
the following references: Zhang et al., “Specific lon Effects
on the Water Solubility of Macromolecules: PNIPAM and the
Hofmeister Series” Journal of the American Chemical Soci-
ety volume 127 at 14505 to 14510 and Park et al., “Sodium
Chloride-Induced Phase Transition in Nonionic Poly(N-iso-
propylacrylamide) Gel” Macromolecules volume 26 at 5045
to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 110 and 120, and thus the corresponding expul-
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sion of liquid 114 and constituent parts 109 can be insignifi-
cantor it can be dramatic. If the desired visual indication is the
result of the swollen stimulus sensitive gel 110 moving com-
pletely out of the indicator window 112 and revealing the
indicator spot 116, then a large change in volume is preferred.

2. Embodiments with Single Compartment and
Absorbent Material

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 3A and FIG. 3B as well as FIG. 2A
through FIG. 2F, an alternative embodiment of the inventive
stimulus indicating device 300 preferably has a single com-
partment containing the swollen stimulus sensitive gel 310,
and indicator spot 316 and absorbent material 305, but there
is no need for the liquid bath of the preferred embodiment.
Although this embodiment is described in terms of the stimu-
lus sensitive gel preferably being swollen initially, as dis-
cussed herein in regard to stimulus sensitive gels, one of
ordinary skill in the art would appreciate that the same
embodiment of the invention can be achieved with an initially
shrunken stimulus sensitive gel that expands or swells upon
exposure to a predetermined stimulus so as to cover an indi-
cator spot.

The single or first compartment 302 is formed by the back-
ing layer 325 on the bottom of the stimulus indicating device
300 and an upper layer 326 on the top of the stimulus indi-
cating device 300. The top layer 326 of the stimulus indicat-
ing device 300 is formed by at least the indicator window 312
and the top portion 308 of the top layer 326. The indicator spot
316 can be viewed through an indicator window 312 located
in the top layer 326 of the stimulus indicating device 300.

Prior to being exposed to a predetermined trigger stimulus,
the swollen stimulus sensitive gel 310 has not yet undergone
a phase transition and preferably covers the entire indicator
spot 316. The indicator spot 316 is positioned below the
indicator window 312, but is preferably not visible through
the indicator window 312 prior to the stimulus indicating
device 300 being exposed to the predetermined stimulus
because it is preferably entirely covered by the swollen stimu-
lus sensitive gel 310. As shown in FIG. 3 A, only a portion of
the swollen stimulus sensitive gel 310 is visible through the
indicator window 312, with the remaining portion of the
swollen stimulus sensitive gel 310 hidden from the view of
the user by the top portion 308 of the stimulus indicating
device 300.

The swollen stimulus sensitive gel 310 contains fluid 314
and constituent parts 309, which allow the swollen stimulus
sensitive gel 310 to maintain its expanded or swollen volume.
When the swollen stimulus sensitive gel 310 is exposed to a
predetermined stimulus, however, it undergoes its phase tran-
sition and the fluid 314 and constituent parts 309 contained in
the swollen stimulus sensitive gel 310 are expelled from the
swollen stimulus sensitive gel 310 and enter the first compart-
ment 302.

As discussed herein, this alternative embodiment of the
stimulus indicating device 300 contains a stimulus sensitive
gel 310 and 320 described herein in regard to FIG. 3A and
FIG. 3B. As the stimulus sensitive gel is exposed to a prede-
termined stimulus, by way of example only, a certain tem-
perature, and it undergoes its phase transition by collapsing or
shrinking in volume, it not only uncovers the indicator spot
316 visible through the display portion or indicator window
312, but it expels the fluid 314 (by way of example only,
water) and constituent parts 309 (by way of example only, dye
particles that can be absorbed and/or trapped by absorbent
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material) from within the matrix of the swollen stimulus
sensitive gel 310 and into the single compartment 302 of the
stimulus indicator 300.

Upon exposure of the stimulus sensitive product to its
predetermined phase transition stimulus, such as tempera-
ture, the swollen stimulus sensitive gel 310 would undergo its
phase transition and collapse or shrink to become the
shrunken stimulus sensitive gel 320 due to the loss of the
water or liquid 314 and constituent parts 309 contained in its
matrix. As the swollen stimulus sensitive gel collapses or
shrinks, it partially or wholly withdraws from the indicator
window 312, so that it is either only partially visible through
the indicator window 312, or would be hidden completely
from the user because it is covered completely by the top
portion 308 of the device 300, and thus is not visible through
the indicator window 312. The more the swollen stimulus
sensitive gel 310 collapses or shrinks the more it reveals the
indicator spot 316, and the more it becomes like the collapsed
or shrunken stimulus sensitive gel 320 in FIG. 3B. Such
partial or full exposure of the indicator spot 316 by the col-
lapse or shrinking of the swollen stimulus sensitive gel 310 to
become the collapsed or shrunken stimulus sensitive gel 320
is the same for all variations of this embodiment discussed
herein.

The swollen stimulus sensitive gel 310 can be made to
undergo its phase transition when it is exposed to the proper
or predetermined stimulus, such as and by way of example
only, when it is heated or cooled to a designated temperature,
depending on whether the polymer gel was of the LCST or
UCST type. Regardless, as the swollen stimulus sensitive gel
310 collapses or shrinks, the water (or other liquid or mixture)
314 and possibly the constituent parts 309 contained in the
matrix of the swollen stimulus sensitive gel 310, are expelled.
Consequently, as shown in FIG. 3A and FIG. 3B, the expelled
liquid 315 and/or constituent parts 309 would be absorbed by
a suitable absorbent material 305.

The collapsing or shrinking of the swollen stimulus sensi-
tive gel 310 (caused by the loss of the liquid 314 and possibly
constituent parts 309 contained in the matrix of the swollen
stimulus sensitive gel 310 when the swollen stimulus sensi-
tive gel 310 undergoes its phase transition), thereby resulting
in the shrunken stimulus sensitive gel 320 preferably collect-
ing under the top portion 308 of the stimulus indicating device
300, would expose the colored indicator spot 316 through the
indicator window 312 (which would now present a red color,
for example), indicating to the user of the stimulus sensitive
product that the product had been exposed to a harmful stimu-
lus, such as an extreme temperature.

Referring again to FIG. 3A and FIG. 3B, the shrunken
stimulus sensitive gel 320 would remain permanently in its
collapsed or shrunken state, even if the predetermined stimu-
lus, such as temperature, were removed, because the
shrunken stimulus sensitive gel 320 would not come back into
contact with the expelled water 315 and/or constituent parts
309 because they had been bound to and/or trapped by the
absorbent material 305, thereby permanently preventing the
shrunken stimulus sensitive gel 320 from expanding back to
its original volume once the predetermined stimulus had been
removed. The shrunken stimulus sensitive gel is permanently
prevented from expanding back to its original volume
because either the absorbent material 305 has a stronger affin-
ity for the expelled water than the shrunken stimulus sensitive
gel 320, or because the absorbent material would not physi-
cally touch the shrunken stimulus sensitive gel 320. Either
way the absorbent material, which is for example a hygro-
scopic silica or an equivalent absorbent material (such as
sodium polyacrylate or a polyacrylamide derivatives), has an
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affinity for and permanently and irreversibly binds to and
traps the expelled liquid 315 and/or constituent parts 309,
which would be expelled from the swollen stimulus sensitive
310 as it collapsed or shrunk. By permanently trapping the
expelled liquid 315 and/or constituent parts 309 in the absor-
bent material 305, the shrunken stimulus sensitive gel 320
would be permanently prevented from expanding or swelling
and re-covering the indicator spot 316, even when the prede-
termined stimulus condition is removed.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
310 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 310 and 320 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 310 of this preferred embodiment could trigger or undergo
its phase transition upon exposure to a predetermined stimu-
lus such as a predetermined pH level, or the swollen stimulus
sensitive gel 310 of this preferred embodiment could trigger
or undergo its phase transition upon exposure to a predeter-
mined level of electromagnetic radiation.

As the expelled fluid 315 and constituent parts 311 leave
the swollen stimulus sensitive gel 310, the swollen stimulus
sensitive gel 310 collapses or shrinks in volume, so as to result
in the shrunken stimulus gel 320 shown in FIG. 3B. As shown
in FIG. 3B, as the swollen stimulus sensitive gel 310 collapses
or shrinks in volume, it preferably moves towards the attach-
ment point 318, and in a direction away from the indicator
spot 316 and indicator window 312. Thus, by decreasing the
volume of the swollen stimulus sensitive gel 310 to result in
the shrunken stimulus sensitive gel 320, the indicator spot 316
is visible to the user through the indicator window 312. Thus,
as the volume of the swollen stimulus sensitive gel 310
decreases it begins to resemble the shrunken stimulus sensi-
tive gel 320, and reveals the indicator spot 316 to the user
through the indicator window 312.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 310 to collapse or shrink entirely in
order for the indicator spot 316 to be visible to the user.
Instead, if even a portion of the indicator spot 316 is visible to
the user through the indicator window 312, which is enough
to signal to the user that the product attached to the stimulus
indicating device 300 had been exposed to a potentially harm-
ful stimulus. More specifically, although the decrease in vol-
ume of the swollen stimulus sensitive gel 310 in all of the
embodiments of the stimulus indicating device 300 discussed
herein can be by any amount so long as it is registerable,
preferably the decrease in volume of the swollen stimulus
sensitive gel 310 would be between at least a /10 reduction in
original volume, and up to a 500 times decrease in original
volume. In regard to all embodiments of the stimulus indicat-
ing device 300 discussed herein as they pertain to the decrease
in the volume being “registerable” what is meant is that the
volume change of the swollen stimulus sensitive gel 310
expels enough liquid 314 and constituent parts 309 from the
swollen stimulus sensitive gel 310 to cause the swollen stimu-
lus sensitive gel 310 to collapse or shrink enough so that it
reveals enough of the indicator spot 316 so that a registerable
change in color (e.g., a change in color from a first color to a
second color) or indication (e.g., an indicator spot 316 that is
the same color as the stimulus sensitive gel 310 and 320 but is
a glyph, such as an “X” or “skull and cross bones”) occurs in
the stimulus indicating device 300, and is visible via the
indicator window 312, and indicates to the user that the prod-
uct had been exposed to a predetermined stimulus. Of course,
one of ordinary skill in the art understands the reverse is true,
and that is a stimulus sensitive gel 310 and 320 is employed
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that covers up the indicator spot upon exposure to a predeter-
mined stimulus, then it need only cover a portion or enough of
the indicator spot 316 so that a registerable change in color
(e.g., a change in color from a first color to a second color)
occurs in the stimulus indicating device 300, and is visible via
the indicator window 312.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future.

Both the backing layer 325 and the upper layer 326 may be
constructed of a strong, resilient leak-proof material, such as
plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
or application to the stimulus sensitive product without tear-
ing, breaking or leaking. The backing layer 325 and the upper
layer 326 may also be made of a material that preferably
allows them to be joined and sealed together, such as by heat
stamping or other suitable means. The backing layer 325 and
the upper layer 326 can both approximate the length and
width of the first compartment 302, although variations in
these dimensions are within the scope of the present inven-
tion. The upper layer 326 can preferably be made of a clear
material, such as plastic, so that the user of the stimulus
indicating device 300 can view at least some portion of the
backing material or indicator spot 316 through the indicator
window 312. The upper layer 326 can also be able to accept
paint or ink so as to allow for coloring or concealing at least
some portion of the first compartment 302.

Although some portion of the upper layer 326 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 312 portion of the upper layer 326 remain free
from ink or coloring so that the user of the stimulus indicating
device 300 can observe the first compartment 302 through the
indicator window 312 as explained herein.

The stimulus sensitive gel 310 and 320 employed by the
preferred variations of this embodiment, as shown in FIG. 3A
and FIG. 3B, is preferably manufactured so as to contain a dye
or colorant that is different from the color of the indicator spot
316. In this way the color of the stimulus sensitive gel 310 and
320 in both its swollen and collapsed state, is different from
the color of the indicator spot 316. Thus, when the swollen
stimulus sensitive gel 310 collapses or shrinks in response to
the predetermined stimulus, by even a partial amount, the
change or decrease in volume will result in the stimulus
indicating device 300 changing, at least partially, from a first
color to a second color, wherein the color change is visible to
the user of the stimulus indicating device 300 through the
indicator window 312. This alternative embodiment of the
stimulus indicating device 300 as disclosed herein and in
conjunction with FIG. 3A and FIG. 3B, this alternative
embodiment can be combined in conjunction with all the
embodiments shown in FIG. 2A through FIG. 2F to disclose
to the user of the stimulus indicating device 300 that the
product to which it is attached had been exposed to a prede-
termined stimulus.

Preferably, the stimulus sensitive gel 310 and 320 would be
fixed or secured at the attachment point 318, or at more than
one attachment point desired. The stimulus sensitive gel 310
and 320 may be fixed to the attachment point 318 with a
suitable epoxy, glue, or it could be heat stamped upon creation
of the stimulus indicating device 300. The attachment point
318 is preferably positioned at a point opposite the indicator
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spot 316 and indicator window 312. Attaching the stimulus
sensitive gel 310 and 320 to the attachment point 318 helps to
ensure that the swollen stimulus sensitive gel 310 collapses or
shrinks in a desired direction—preferably toward the attach-
ment point 318, and away from the indicator spot 316 and
away from the indicator window 312, so that the indicator
spot 116 is revealed upon exposure to a predetermined stimu-
lus. Securing or fixing the stimulus sensitive gel 310 and 320
to the attachment point 318 prevents the stimulus sensitive gel
310 and 320 from floating or moving within the compartment
and covering up the indicator spot 316 after the swollen
stimulus sensitive gel 310 had undergone its phase transition,
thereby preventing a false indication that the product attached
to the stimulus indicator device 100 had not been exposed to
a predetermined stimulus.

All embodiments discussed herein of the stimulus indicat-
ing device 300 containing the swollen stimulus sensitive gel
310 and the shrunken stimulus sensitive gel 320 may be based
on any type of stimulus sensitive gel that undergoes a phase
transition upon exposure of the stimulus sensitive gel to a
predetermined stimulus. The preferred types of stimulus sen-
sitive gels include polyacrylic acid (PAA) gel, a polyacryla-
mide (PAAm) gel, and/or its variations such as poly(N-iso-
propylacrylamide) (PNIPAAm) gels, and/or their derivatives.
As is known in the art, such stimulus sensitive gels and/or
other equivalent gels and/or their derivatives, undergo a sig-
nificant change in volume in response to a range of stimuli,
including temperature, solvent composition, pH, ionic
strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 310 and 320 used
in all the embodiments of the stimulus indicating device 300
discussed herein can be selected so as to correlate to a specific
situation. For example, one of ordinary skill will appreciate
and understand that if the stimulus sensitive gel in this
embodiment is swollen at the beginning of'its use as it under-
goes its phase transition, it will collapse or shrink, thereby
causing a change in color or indication in the stimulus indi-
cator 300. Alternatively, the stimulus sensitive gel could start
out collapsed or shrunken, but upon exposure to its predeter-
mined stimulus it would permanently expand or swell and
cause a change in color or indication in the stimulus indicator
100. By way of example only and as disclosed herein and in
prior applications, a stimulus sensitive gel 310 and 320 can be
of'the UCST type gel orthe LCST type gel. As one of ordinary
skill in the art will appreciate, a UCST type stimulus sensitive
gel, such as PAAm gels, could be used when one wishes to
have an initially swollen stimulus sensitive gel collapse or
shrink when cooled below a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. A UCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is heated beyond a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. Alternatively, an LCST type stimulus sensitive
gel, such as PNIPAAm gels, could be used when one wishes
to have an initially swollen stimulus sensitive gel collapse or
shrink when heated above a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. An LCST type gel could also be used when one
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wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is cooled below a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 310 and 320 discussed
herein in regard to all embodiments of the stimulus indicating
device 300 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 310 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 320; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 310), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel 310
and the shrunken stimulus sensitive gel 320 also being of the
LCST type of gel. Moreover, it should be noted that all the
variations of the different embodiments discussed herein can
be combined with the variations of other embodiments
described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 310 and 320 employed in all the
embodiments of the stimulus indicating device 300 discussed
herein were made of UCST type stimulus sensitive gels, it
could be any number of such UCST gels, including: 1) poly-
acrylic acid (PAA) gel combined with polyacrylamide
(PAAm) gel; or i) PAAm gel combined with poly sodium
3-butenoate (SB) gel to result in the creation of poly(AAm-
co-SB) gel; or iii) their derivates, and as described in Tanaka,
“Gels,” Scientific American 244 (1981) at 124-138 and
Tanaka, “Phase Transitions in lonic Gels,” Physical Review
Letters 45 (1980) at 1636-1639, the predetermined “trigger”
stimulus at which a UCST gel undergoes its phase transition,
and thereby expels the liquid 314 and constituent parts 311
and thus collapses or shrinks in volume, can be “tuned” to a
particular value by changing the solvent trapped in the gel
polymer matrix in addition to introducing salts, surfactants,
or other substances to the gel matrix. Such “tuning” in regard
to UCST type gels is discussed herein and in U.S. Pat. No.
5,100,933. Similarly, if the stimulus sensitive gel 310 and 320
employed in all the embodiments of the stimulus indicating
device 300 discussed herein were made of LSCT type stimu-
lus sensitive gels, it could be any number of such LCST gels,
including PNIPAAm gels, and as described in U.S. Pat. No.
4,732,930 in regard to PNIPAAm LCST type gels, the prede-
termined stimulus, such as temperature at which a stimulus
sensitive gel 310 and 320 undergoes its phase transition and
changes volume, can be “tuned” to a particular value by
adding salts, surfactants, or other substances to the gel matrix.
Explanations of how the transition temperature of an LCST
gel can be tuned can be found in the following references:
Zhang et al., “Specific Ion Effects on the Water Solubility of
Macromolecules: PNIPAM and the Hofmeister Series” Jour-
nal ofthe American Chemical Society volume 127 at 14505 to
14510 and Park et al., “Sodium Chloride-Induced Phase
Transition in Nonionic Poly(N-isopropylacrylamide) Gel”
Macromolecules volume 26 at 5045 to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
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being used. For example, a change in volume of the stimulus
sensitive gel 310 and 320, and thus the corresponding expul-
sion of liquid 314 and constituent parts 309 can be insignifi-
cantor it can be dramatic. If the desired visual indication is the
result of the swollen stimulus sensitive gel 310 moving com-
pletely out of the indicator window 312 and revealing the
indicator spot 316, then a large change in volume is preferred.

3. Embodiments with Permeable Membrane

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 4A and FIG. 4B, an alternative
embodiment of the inventive stimulus indicating devices
described herein has at least two compartments which contain
in the first compartment 402 a preferably swollen stimulus
sensitive gel 410 and indicator spot 416, but does not require
the liquid bath of the preferred embodiment, and contains a
second compartment 404 that preferably contains an absor-
bent material 407, which would be any substance that could
absorb the fluid 414 and/or constituent parts 409 contained in
and then expelled by the swollen stimulus sensitive gel 410,
thereby permanently keeping the then shrunken stimulus sen-
sitive gel 420 from re-expanding or re-swelling, and thereby
preventing the then shrunken stimulus sensitive gel 420 from
re-covering the indicator spot 416. Although this embodiment
is described in terms of the stimulus sensitive gel preferably
being swollen initially 410, as discussed herein in regard to
stimulus sensitive gels, one of ordinary skill in the art would
appreciate that the same invention can be achieved with an
initially shrunken stimulus sensitive gel that expands or
swells upon exposure to a predetermined stimulus so as to
cover an indicator spot.

The first compartment 402 and second compartment 404
are formed in part by the backing layer 425 on the bottom of
the stimulus indicating device 400, and an upper layer 426 on
the top of the stimulus indicating device 400. The top layer
426 of the stimulus indicating device 400 is formed by at least
the indicator window 412 and the top portion 408 of the top
layer 426. The indicator spot 416 can be viewed through an
indicator window 412 located in the top layer 426 of the
stimulus indicating device 400. The first compartment 402
and the second compartment 404 are additionally formed and
differentiated from one another by a permeable membrane
430. The permeable membrane 430 is designed to allow the
expelled liquid 415 and/or constituent parts 409 to pass from
the first compartment 402 into the second compartment 404,
as well as from the second compartment 404 into the first
compartment 402.

Alternatively, as shown in FIG. 4C an alternate embodi-
ment could position the first compartment 402 above the
second compartment 404 separated by the permeable mem-
brane 430. Other shapes are contemplated within the scope of
certain embodiments of the invention as would be understood
by one of ordinary skill in the art and/or as previously
described in prior applications.

Prior to being exposed to a predetermined trigger stimulus,
the swollen stimulus sensitive gel 410 has not yet undergone
a phase transition and preferably covers the entire indicator
spot 416. The indicator spot 416 is positioned below the
indicator window 412, but is preferably not visible through
the indicator window 412 prior to the stimulus indicating
device 400 being exposed to the predetermined stimulus
because it is preferably entirely covered by the swollen stimu-
lus sensitive gel 410. As shown in FIG. 4A, only a portion of
the swollen stimulus sensitive gel 410 is visible through the
indicator window 412, with the remaining portion of the
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swollen stimulus sensitive gel 410 hidden from the view of
the user by the top portion 408 of the stimulus indicating
device 400.

The swollen stimulus sensitive gel 410 contains fluid 414
and constituent parts 409, which allow the swollen stimulus
sensitive gel 410 to maintain its expanded or swollen volume.
When the swollen stimulus sensitive gel 410 is exposed to a
predetermined stimulus, however, it undergoes its phase tran-
sition and the fluid 414 and constituent parts 409 contained in
the swollen stimulus sensitive gel 410 are expelled from the
swollen stimulus sensitive gel 410 and enter the first compart-
ment 402.

As discussed herein, this alternative embodiment of the
stimulus indicating device 400 contains a stimulus sensitive
gel 410 and 420 described herein in regard to FIG. 4A and
FIG. 4B. As the stimulus sensitive gel is exposed to a prede-
termined stimulus, by way of example only, a certain tem-
perature, and it undergoes its phase transition by collapsing or
shrinking in volume, it not only uncovers the indicator spot
416 visible through the display portion or indicator window
412, but it expels the fluid 414 (by way of example only,
water) and constituent parts 409 (by way of example only, dye
particles that can be absorbed and/or trapped by an absorbent
material) from within the matrix of the swollen stimulus
sensitive gel 410 and into the single compartment 402 of the
stimulus indicator 400.

Upon exposure of the stimulus sensitive product to its
predetermined phase transition stimulus, such as tempera-
ture, the swollen stimulus sensitive gel 410 would undergo its
phase transition and collapse or shrink to become the
shrunken stimulus sensitive gel 420 due to the loss of the
water or liquid 414 and constituent parts 409 contained in its
matrix. As the swollen stimulus sensitive gel collapses or
shrinks, it partially or wholly withdraws from the indicator
window 412, so that it is either only partially visible through
the indicator window 412, or would be hidden completely
from the user because it is covered completely by the top
portion 408 of the device 400, and thus is not visible through
the indicator window 412. The more the swollen stimulus
sensitive gel 410 collapses or shrinks the more it reveals the
indicator spot 416, and the more it becomes like the collapsed
or shrunken stimulus sensitive gel 420 in FIG. 4B. Such
partial or full exposure of the indicator spot 416 by the col-
lapse or shrinking of the swollen stimulus sensitive gel 410 to
become the collapsed or shrunken stimulus sensitive gel 420
is the same for all variations of this embodiment discussed
herein.

Also, as the stimulus sensitive gel 410 collapses or shrinks
in response to the predetermined stimulus, the expelled liquid
415 and/or constituent parts 409 within the swollen stimulus
sensitive gel 410 are expelled into the first compartment 402,
and pass into the second compartment 404 though the perme-
able membrane 430 that separates the at least two compart-
ments 402 and 404.

Because the permeable membrane 430 separating the at
least first compartment 402 and second compartment 404
allows the expelled liquid 415 and/or constituent parts 409 to
pass in both directions, the expelled liquid 415 and/or con-
stituent parts 409 could subsequently pass back from the
second compartment 404 into the first compartment 402. And
when the predetermined stimulus is removed, the shrunken
stimulus sensitive gel 410 would then have the ability to
reabsorb the previously expelled liquid 415 and/or constitu-
ent parts 409 once the predetermined stimulus is removed,
thereby expanding or swelling to its original or near original
volume. In doing so, the now re-swollen stimulus sensitive
gel 410 could re-cover the indicator spot 416. Accordingly,
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the second compartment 404 preferably contains an absor-
bent material 407 that has an affinity for the expelled liquid
415 and/or constituent parts 411 (as described herein or as
understood in the art), so as to permanently bind to and trap
the expelled liquid 415 and/or constituent parts 409 in the
second compartment 404. By way of example only, if the
expelled liquid 415 were water, the absorbent material 407
could be a silica gel, such as hygroscopic silica or another
absorbent material (such as sodium polyacrylate or polyacry-
lamide derivatives or a natural absorbent) that permanently
binds to the expelled liquid 415 and or constituent parts 409
expelled from the stimulus sensitive gel 410.

Trapping the expelled liquid 415 in the second compart-
ment 404 with the absorbent material 407 results in a constant
or fixed volume of liquid 414 and 415 and shrunken stimulus
sensitive gel 420 in the first compartment 402 from that point
forward. Because the volume of liquid 414 and 415 and
shrunken stimulus sensitive gel 420 in the first compartment
402 is fixed due to the expelled liquid 415 and/or constituent
parts 409 being trapped in the second compartment 404 by the
absorbent material 407, the collapsed or shrunken stimulus
sensitive gel 420 is permanently prevented from re-expanding
and re-covering the indicator spot 416 even when the prede-
termined stimulus condition is removed. In this way the
stimulus indicating device 400 will permanently show that it,
and the stimulus sensitive product attached to it, had been
exposed to a deleterious predetermined stimulus.

It should be noted that by manipulating the permeability of
the permeable membrane 430 connecting the first compart-
ment 402 to the second compartment 404, the time required
for expelled liquid 415 to move from the second compartment
404 into the first compartment 402 can be varied. Such
manipulation of the permeable membrane 430 includes
increasing or decreasing its thickness and/or increasing or
decreasing its surface area facing the first compartment 402
and/or second compartment 404 and/or increasing or decreas-
ing its wicking ability, so as to control the speed at which the
expelled liquid 415 and the constituent parts 409 travel from
the second compartment 404, through the permeable mem-
brane 430, and enter the first compartment 402 or visa versa.

An advantage of using such an embodiment of the stimulus
indicating device 400 is that both the exposure to a predeter-
mined stimulus as well as the time of exposure can be indi-
cated. As an example, if the predetermined stimulus occurs
for just a short period of time, and is removed before the
expelled liquid 415 and constituent parts 409 have completely
moved from the first compartment 402 through the permeable
membrane 430 and into the second compartment 404, then
the expelled liquid 415 and constituent parts 409 will be
wicked or drawn back into the first compartment 402 by and
into the shrunken stimulus sensitive gel 420 as the shrunken
stimulus sensitive gel 420 re-expands or swells as a result of
undergoing its reverse phase transition, or simply removing
the predetermined stimulus. The reason this happens is
because the permeable membrane 430 allows the expelled
liquid 415 and expelled constituent parts 409 to pass in both
directions. And so in this case, no irreversible indication of
exposure to the predetermined stimulus will be indicated by
stimulus indicating device 400 because the time of exposure
to the predetermined stimulus was too briefto enable enough
expelled liquid 415 and enough constituent parts 409 to pass
completely through the permeable membrane 430, be bound
by the absorbent material 407, and cause the stimulus indi-
cating device 400 to change from a first color 413 to a second
color 417.

The swollen stimulus sensitive gel 410 can be made to
undergo its phase transition when it is exposed to the proper
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or predetermined stimulus, such as and by way of example
only, when it is heated or cooled to a designated temperature,
depending on whether the polymer gel was of the LCST or
UCST type. Regardless, as the swollen stimulus sensitive gel
410 collapses or shrinks, the water (or other liquid or mixture)
414 and possibly the constituent parts 409 contained in the
matrix of the swollen stimulus sensitive gel 410, are expelled.
Consequently, as shown in FIG. 4A and F1G. 4B, the expelled
liquid 415 and/or constituent parts 411 would be absorbed by
a suitable absorbent material 407, such as hygroscopic silica
or another absorbent material such as sodium polyacrylate or
polyacrylamide derivatives or a natural absorbent) that per-
manently binds to the expelled liquid 415 and or constituent
parts 409 expelled from the stimulus sensitive gel 410.

The collapsing or shrinking of the swollen stimulus sensi-
tive gel 410 (caused by the loss of the liquid 414 and possibly
constituent parts 409 contained in the matrix of the swollen
stimulus sensitive gel 410 when the swollen stimulus sensi-
tive gel 410 undergoes its phase transition), thereby resulting
in the shrunken stimulus sensitive gel 420 preferably collect-
ing under the top portion 408 of the stimulus indicating device
400, would expose the colored indicator spot 416 through the
indicator window 412 (which would now present a red color,
for example), indicating to the user of the stimulus sensitive
product that the product had been exposed to a harmful stimu-
lus, such as an extreme temperature.

Referring again to FIG. 4A and FIG. 4B, the shrunken
stimulus sensitive gel 420 would remain permanently in its
collapsed or shrunken state, even if the predetermined stimu-
lus, such as temperature, were removed, because the
shrunken stimulus sensitive gel 420 would not come back into
contact with the expelled liquid 415 and/or constituent parts
411 because they had been bound to and/or trapped by the
absorbent material 407, thereby permanently preventing the
shrunken stimulus sensitive gel 420 from expanding back to
its original volume once the predetermined stimulus had been
removed. The shrunken stimulus sensitive gel 420 is perma-
nently prevented from expanding back to original volume
because either the absorbent material 407 has a stronger affin-
ity for the expelled liquid 415 than the shrunken stimulus
sensitive gel 420, or because the absorbent material 407
would not physically touch the shrunken stimulus sensitive
gel 420. Either way the absorbent material 407, which is for
example a silica gel such as hygroscopic silica 407 or another
absorbent material (such as sodium polyacrylate or polyacry-
lamide derivatives or a natural absorbent) that permanently
binds to the expelled liquid 415 and or constituent parts 411
expelled from the stimulus sensitive gel 410, which would be
expelled from the swollen stimulus sensitive 410 as it col-
lapsed or shrunk. By permanently trapping the expelled liquid
415 and/or constituent parts 409 in the absorbent material
405, the shrunken stimulus sensitive gel 420 would be per-
manently prevented from expanding or swelling and re-cov-
ering the indicator spot 416, even when the predetermined
stimulus condition is removed.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
410 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 410 and 420 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 410 of this preferred embodiment could trigger or undergo
its phase transition upon exposure to a predetermined stimu-
lus such as a predetermined pH level, or the swollen stimulus
sensitive gel 410 of this preferred embodiment could trigger
or undergo its phase transition upon exposure to a predeter-
mined level of electromagnetic radiation.
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As the expelled fluid 415 and constituent parts 409 leave
the swollen stimulus sensitive gel 410, the swollen stimulus
sensitive gel 410 collapses or shrinks in volume, so as to result
in the shrunken stimulus gel 420 shown in F1G. 4B. As shown
in FIG. 4B, as the swollen stimulus sensitive gel 410 collapses
or shrinks in volume, it preferably moves towards the attach-
ment point 418, and in a direction away from the indicator
spot 416 and indicator window 412. Thus, by decreasing the
volume of the swollen stimulus sensitive gel 410 to result in
the shrunken stimulus sensitive gel 420, the indicator spot 416
is visible to the user through the indicator window 412. Thus,
as the volume of the swollen stimulus sensitive gel 410
decreases it begins to resemble the shrunken stimulus sensi-
tive gel 420, and reveals the indicator spot 416 to the user
through the indicator window 412.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 410 to collapse or shrink entirely in
order for the indicator spot 416 to be visible to the user.
Instead, if even a portion of the indicator spot 416 is visible to
the user through the indicator window 412, which is enough
to signal to the user that the product attached to the stimulus
indicating device 400 had been exposed to a potentially harm-
ful stimulus. More specifically, although the decrease in vol-
ume of the swollen stimulus sensitive gel 410 in all of the
embodiments of the stimulus indicating device 400 discussed
herein can be by any amount so long as it is registerable,
preferably the decrease in volume of the swollen stimulus
sensitive gel 410 would be between at least a /10 reduction in
original volume, and up to a 500 times decrease in original
volume. In regard to all embodiments of the stimulus indicat-
ing device 400 discussed herein as they pertain to the decrease
in the volume being “registerable” what is meant is that the
volume change of the swollen stimulus sensitive gel 410
expels enough liquid 414 and constituent parts 409 from the
swollen stimulus sensitive gel 410 to cause the swollen stimu-
lus sensitive gel 410 to collapse or shrink enough so that it
reveals enough of the indicator spot 416 so that a registerable
change in color (e.g., a change in color from a first color to a
second color) or indication (e.g., an indicator spot 416 that is
the same color as the stimulus sensitive gel 410 and 420 but is
a glyph, such as an “X” or “skull and cross bones”) occurs in
the stimulus indicating device 400, and is visible via the
indicator window 412, and indicates to the user that the prod-
uct had been exposed to a predetermined stimulus. Of course,
one of ordinary skill in the art understands the reverse is true,
and that is a stimulus sensitive gel 410 and 420 is employed
that covers up the indicator spot upon exposure to a predeter-
mined stimulus, then it need only cover a portion or enough of
the indicator spot 416 so that a registerable change in color
(e.g., a change in color from a first color to a second color)
occurs in the stimulus indicating device 400, and is visible via
the indicator window 412.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future.

Both the backing layer 425 and the upper layer 426 may be
constructed of a strong, resilient leak-proof material, such as
plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
or application to the stimulus sensitive product without tear-
ing, breaking or leaking. The backing layer 425 and the upper
layer 426 may also be made of a material that preferably
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allows them to be joined and sealed together, such as by heat
stamping or other suitable means. The backing layer 425 and
the upper layer 426 can both approximate the length and
width of the first compartment 402 plus the length and width
of'the second compartment 404, although variations in these
dimensions are within the scope of the present invention. The
upper layer 426 can preferably be made of a clear material,
such as plastic, so that the user of the stimulus indicating
device 400 can view at least some portion of the backing
material or indicator spot 416 through the indicator window
412. The upper layer 426 can also be able to accept paint or
ink so as to allow for coloring or concealing at least some
portion of the first compartment 402.

Although some portion of the upper layer 426 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 412 portion of the upper layer 426 remain free
from ink or coloring so that the user of the stimulus indicating
device 400 can observe the first compartment 402 through the
indicator window 412 as explained herein.

The stimulus sensitive gel 410 and 420 employed by the
preferred variations of this embodiment, as shown in FIG. 4A
and FIG. 4B, is preferably manufactured so as to contain a dye
or colorant that is different from the color of the indicator spot
416. In this way the color of the stimulus sensitive gel 410 and
420 in both its swollen and collapsed state, is different from
the color of the indicator spot 416. Thus, when the swollen
stimulus sensitive gel 410 collapses or shrinks in response to
the predetermined stimulus, by even a partial amount, the
change or decrease in volume will result in the stimulus
indicating device 400 changing, at least partially, from a first
color to a second color, wherein the color change is visible to
the user of the stimulus indicating device 400 through the
indicator window 412. This alternative embodiment of the
stimulus indicating device 400 as disclosed herein and in
conjunction with FIG. 4A, FIG. 4B and FIG. 4C this alterna-
tive embodiment can be combined in conjunction with all the
embodiments shown in FIG. 2A through FIG. 2F to disclose
to the user of the stimulus indicating device 400 that the
product to which it is attached had been exposed to a prede-
termined stimulus.

Preferably, the stimulus sensitive gel 410 and 420 would be
fixed or secured at the attachment point 418, or at more than
one attachment point if desired. The stimulus sensitive gel
410 and 420 may be fixed to the attachment point 418 with a
suitable epoxy, glue, or it could be heat stamped upon creation
of the stimulus indicating device 400. The attachment point
418 is preferably positioned at a point opposite the indicator
spot 416 and indicator window 412. Attaching the stimulus
sensitive gel 410 and 420 to the attachment point 418 helps to
ensure that the swollen stimulus sensitive gel 410 collapses or
shrinks in a desired direction—ypreferably toward the attach-
ment point 418, and away from the indicator spot 416 and
away from the indicator window 412, so that the indicator
spot 116 is revealed upon exposure to a predetermined stimu-
lus. Securing or fixing the stimulus sensitive gel 410 and 420
to the attachment point 418 prevents the stimulus sensitive gel
410 and 420 from floating or moving within the compartment
and covering up the indicator spot 416 after the swollen
stimulus sensitive gel 410 had undergone its phase transition,
thereby preventing a false indication that the product attached
to the stimulus indicator device 400 had not been exposed to
a predetermined stimulus.

All embodiments discussed herein of the stimulus indicat-
ing device 400 containing the swollen stimulus sensitive gel
410 and the shrunken stimulus sensitive gel 420 may be based
on any type of stimulus sensitive gel that undergoes a phase
transition upon exposure of the stimulus sensitive gel to a



US 9,182,292 B2

59

predetermined stimulus. The preferred types of stimulus sen-
sitive gels include polyacrylic acid (PAA) gel, a polyacryla-
mide (PAAm) gel, and/or its variations such as poly(N-iso-
propylacrylamide) (PNIPAAm) gels, and/or their derivatives.
As is known in the art, such stimulus sensitive gels and/or
other equivalent gels and/or their derivatives, undergo a sig-
nificant change in volume in response to a range of stimuli,
including temperature, solvent composition, pH, ionic
strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 410 and 420 used
in all the embodiments of the stimulus indicating device 400
discussed herein can be selected so as to correlate to a specific
situation. For example, one of ordinary skill will appreciate
and understand that if the stimulus sensitive gel in this
embodiment is swollen at the beginning of'its use as it under-
goes its phase transition, it will collapse or shrink, thereby
causing a change in color or indication in the stimulus indi-
cator 400. Alternatively, the stimulus sensitive gel could start
out collapsed or shrunken, but upon exposure to its predeter-
mined stimulus it would permanently expand or swell and
cause a change in color or indication in the stimulus indicator
400. By way of example only and as disclosed herein and in
prior applications, a stimulus sensitive gel 410 and 420 can be
of'the UCST type or the LCST type gel. As one of ordinary
skill in the art will appreciate, a UCST type stimulus sensitive
gel, such as PAAm gels, could be used when one wishes to
have an initially swollen stimulus sensitive gel collapse or
shrink when cooled below a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. A UCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is heated beyond a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. Alternatively, an LCST type stimulus sensitive
gel, such as PNIPAAm gels, could be used when one wishes
to have an initially swollen stimulus sensitive gel collapse or
shrink when heated above a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. An LCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is cooled below a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 410 and 420 discussed
herein in regard to all embodiments of the stimulus indicating
device 400 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 410 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 420; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 410), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel 410
and the shrunken stimulus sensitive gel 420 also being of the
LCST type of gel. Moreover, it should be noted that all the
variations of the different embodiments discussed herein can
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be combined with the variations of other embodiments
described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 410 and 420 employed in all the
embodiments of the stimulus indicating device 400 discussed
herein were made of UCST type stimulus sensitive gels, it
could be any number of such UCST gels, including: 1) poly-
acrylic acid (PAA) gel combined with polyacrylamide
(PAAm) gel; or i) PAAm gel combined with poly sodium
3-butenoate (SB) gel to result in the creation of poly(AAm-
co-SB) gel; or iii) their derivates, and as described in Tanaka,
“Gels,” Scientific American 244 (1981) at 124-138 and
Tanaka, “Phase Transitions in lonic Gels,” Physical Review
Letters 45 (1980) at 1636-1639, the predetermined “trigger”
stimulus at which a UCST gel undergoes its phase transition,
and thereby expels the liquid 414 and constituent parts 409
and thus collapses or shrinks in volume, can be “tuned” to a
particular value by changing the solvent trapped in the gel
polymer matrix in addition to introducing salts, surfactants,
or other substances to the gel matrix. Such “tuning” in regard
to UCST type gels is discussed herein. Similarly, if the stimu-
lus sensitive gel 410 and 420 employed in all the embodi-
ments of the stimulus indicating device 400 discussed herein
were made of LSCT type stimulus sensitive gels, it could be
any number of such LCST gels, including PNIPAAm gels,
and as described in U.S. Pat. No. 4,732,930 in regard to
PNIPAAm, the predetermined stimulus, such as temperature
at which a stimulus sensitive gel 410 and 420 undergoes its
phase transition and changes volume, can be “tuned” to a
particular value by adding salts, surfactants, or other sub-
stances to the gel matrix. Explanations of how the transition
temperature of an LCST gel can be tuned can be found in the
following references: Zhang et al., “Specific lon Effects on
the Water Solubility of Macromolecules: PNIPAM and the
Hofmeister Series” Journal of the American Chemical Soci-
ety volume 127 at 14505 to 14510 and Park et al., “Sodium
Chloride-Induced Phase Transition in Nonionic 65 Gel Mac-
romolecules volume 26 at 5045 to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 410 and 420, and thus the corresponding expul-
sion of liquid 414 and constituent parts 409 can be insignifi-
cantor it can be dramatic. If the desired visual indication is the
result of the swollen stimulus sensitive gel 410 moving com-
pletely out of the indicator window 412 and revealing the
indicator spot 416, then a large change in volume is preferred.

4. Embodiments with Semi-Permeable Membrane

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 5A and FIG. 5B, an alternative
embodiment of the inventive stimulus indicating devices
described herein has at least two compartments which contain
in the first compartment 502 a preferably swollen stimulus
sensitive gel 510 and indicator spot 516, but does not require
the liquid bath of the preferred embodiment. The stimulus
indicating device 500 also contains a second compartment
504 for collecting expelled fluid 515 and expelled constituent
parts 509 that are expelled from the swollen stimulus sensitive
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gel 510, and possibly contains an absorbent material 507 for
absorbing and binding the expelled fluid 515 and/or constitu-
ent parts 509 as described herein. The first compartment 502
and second compartment 504 are separated by a semi-perme-
able membrane 531 that traps expelled fluid 515 and/or con-
stituent parts 509 in the second compartment 504, thereby
permanently keeping the then shrunken stimulus sensitive gel
520 from re-expanding or re-swelling, and thereby prevent-
ing the then shrunken stimulus sensitive gel 520 from re-
covering the indicator spot 516.

Although this embodiment is described in terms of the
stimulus sensitive gel preferably being swollen initially 510,
as discussed herein in regard to stimulus sensitive gels, one of
ordinary skill in the art would appreciate that the same inven-
tion can be achieved with an initially shrunken stimulus sen-
sitive gel that expands or swells upon exposure to a predeter-
mined stimulus so as to cover an indicator spot.

The first compartment 502 and second compartment 504
are formed in part by the backing layer 525 on the bottom of
the stimulus indicating device 500, and an upper layer 526 on
the top of the stimulus indicating device 500. The top layer
526 of the stimulus indicating device 500 is formed by at least
the indicator window 512 and the top portion 508 of the top
layer 526. The indicator spot 516 can be viewed through an
indicator window 512 located in the top layer 526 of the
stimulus indicating device 500. The first compartment 502
and the second compartment 504 are additionally formed and
differentiated from one another by a semi-permeable mem-
brane 531. The semi-permeable membrane 531 is designed to
allow the expelled liquid 515 and/or constituent parts 509 to
pass from the first compartment 502 into the second first
compartment 504 only, and to block the expelled liquid 515
and/or constituent parts 511 from passing back into the first
compartment 502.

Alternatively, as shown in FIG. 5C an alternate embodi-
ment could position the first compartment 502 above the
second compartment 504 separated by the semi-permeable
membrane 531. Other shapes are contemplated within the
scope of the invention as would be understood by one of
ordinary skill in the art and/or as previously described in prior
applications.

Prior to being exposed to a predetermined trigger stimulus,
the swollen stimulus sensitive gel 510 has not yet undergone
a phase transition and preferably covers the entire indicator
spot 516. The indicator spot 516 is positioned below the
indicator window 512, but is preferably not visible through
the indicator window 508 prior to the stimulus indicating
device 500 being exposed to the predetermined stimulus
because it is preferably entirely covered by the swollen stimu-
lus sensitive gel 510. As shown in FIG. 5A, only a portion of
the swollen stimulus sensitive gel 510 is visible through the
indicator window 512, with the remaining portion of the
swollen stimulus sensitive gel 510 hidden from the view of
the user by the top portion 508 of the stimulus indicating
device 500.

The swollen stimulus sensitive gel 510 contains fluid 514
and/or constituent parts 509, which allow the swollen stimu-
lus sensitive gel 510 to maintain its expanded or swollen
volume. When the swollen stimulus sensitive gel 510 is
exposed to a predetermined stimulus, however, it undergoes
its phase transition and the fluid 514 and constituent parts 509
contained in the swollen stimulus sensitive gel 510 are
expelled from the swollen stimulus sensitive gel 510 and enter
the first compartment 502.

As discussed herein, this alternative embodiment of the
stimulus indicating device 500 contains a stimulus sensitive
gel 510 and 520 described herein in regard to FIG. 5A and
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FIG. 5B. As the stimulus sensitive gel 510 and 520 is exposed
to a predetermined stimulus, by way of example only, a cer-
tain temperature, and it undergoes its phase transition by
collapsing or shrinking in volume, it not only uncovers the
indicator spot 516 visible through the display portion or indi-
cator window 512, but it expels the fluid 514 (by way of
example only, water) and/or constituent parts 509 (by way of
example only, dye particles that can be absorbed and/or
trapped by an absorbent material) from within the matrix of
the swollen stimulus sensitive gel 510 and into the single
compartment 502 of the stimulus indicator 500.

Upon exposure of the stimulus sensitive product to its
predetermined phase transition stimulus, such as tempera-
ture, the swollen stimulus sensitive gel 510 would undergo its
phase transition and collapse or shrink to become the
shrunken stimulus sensitive gel 520 due to the loss of the
water or liquid 514 and constituent parts 509 contained in its
matrix. As the swollen stimulus sensitive gel collapses or
shrinks, it partially or wholly withdraws from the indicator
window 512, so that it is either only partially visible through
the indicator window 512, or would be hidden completely
from the user because it is covered completely by the top
portion 508 of the device 500, and thus is not visible through
the indicator window 512. The more the swollen stimulus
sensitive gel 510 collapses or shrinks the more it reveals the
indicator spot 516, and the more it becomes like the collapsed
or shrunken stimulus sensitive gel 520 in FIG. 5B. Such
partial or full exposure of the indicator spot 516 by the col-
lapse or shrinking of the swollen stimulus sensitive gel 510 to
become the collapsed or shrunken stimulus sensitive gel 520
is the same for all variations of this embodiment discussed
herein.

Also, as the stimulus sensitive gel 510 collapses or shrinks
in response to the predetermined stimulus, the expelled liquid
515 and/or constituent parts 509 within the swollen stimulus
sensitive gel 510 are expelled into the first compartment 502,
and pass into the second compartment 504 though the semi-
permeable membrane 531 that separates the at least two com-
partments 502 and 504.

Because the semi-permeable membrane 531 separating the
at least first compartment 502 and second compartment 504
allows the expelled liquid 515 and/or constituent parts 509 to
only pass from the first compartment 502 into the second
compartment 504, the expelled liquid 515 and/or constituent
parts 509 are trapped outside the first compartment 502, pref-
erably in the second compartment 504, resulting in a constant
volume of liquid 514 and shrunken stimulus sensitive gel 520
in the first compartment 502 from that point forward. Alter-
natively, the second compartment 504 could also contain an
absorbent material that has an affinity for the expelled liquid
(as described herein, in particular in regard to FIGS. 3A, 3B,
4A and 4B or as understood in the art), so as to permanently
bind to and trap the expelled liquid 515 and/or constituent
parts 509 in the second compartment 504. By way of example
only, if the expelled liquid 515 were water, the absorbent
material could be a silica gel, such as hygroscopic silica or
another absorbent material such as sodium polyacrylate or
polyacrylamide derivatives or a natural absorbent) that per-
manently binds to the expelled liquid 515 and or constituent
parts 509 expelled from the stimulus sensitive gel 510.

Trapping the expelled liquid 515 in the second compart-
ment 504 via the semi-permeable membrane 531 alone or in
combination with an absorbent material 507 results in a con-
stant or fixed volume of liquid 514 and 515 and shrunken
stimulus sensitive gel 520 in the first compartment 502 from
that point forward. Because the volume of liquid 514 and 515
and shrunken stimulus sensitive gel 520 in the first compart-
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ment 502 is fixed due to the expelled liquid 515 and/or con-
stituent parts 509 being trapped in the second compartment
504 by the semi-permeable membrane 531 alone or in com-
bination with absorbent material, the collapsed or shrunken
stimulus sensitive gel 520 is permanently prevented from
re-expanding and re-covering the indicator spot 516, even
when the predetermined stimulus condition is removed. In
this way the stimulus indicating device 500 will permanently
show that it, and the stimulus sensitive product attached to it,
had been exposed to a deleterious predetermined stimulus.

It should be noted that by manipulating the permeability of
the semi-permeable membrane 531 connecting the first com-
partment 502 to the second compartment 504, the time
required for expelled liquid 515 to move from the first com-
partment 502 into the second compartment 504 can be varied.
Such manipulation of the semi-permeable membrane 531
includes increasing or decreasing its thickness and/or increas-
ing or decreasing its surface area facing the first compartment
502 and/or second compartment 504 and/or increasing or
decreasing its wicking ability, so as to control the speed at
which the expelled liquid 515 and the constituent parts 509
travel from the first compartment 504, through the semi-
permeable membrane 531, and enter the second compartment
502.

An advantage of using such an embodiment of the stimulus
indicating device 500 is that both the exposure to a predeter-
mined stimulus as well as the time of exposure can be indi-
cated. As an example, if the predetermined stimulus occurs
for just a short period of time, and is removed before the
expelled liquid 515 and constituent parts 509 have completely
moved from the first compartment 502 through the semi-
permeable membrane 531 and into the second compartment
504 because the semi-permeable membrane 531 prevents the
expelled liquid 515 and constituent parts 509 from freely
flowing into the second compartment 504, then the expelled
liquid 515 and constituent parts 509 will be wicked or drawn
back into the shrunken stimulus sensitive gel 520 as the
shrunken stimulus sensitive gel 520 re-expands or swells as a
result of undergoing its reverse phase transition because for
example the predetermined stimulus had been removed, and
thereby preventing the stimulus indicating device 500 from
changing from a first color 513 to a second color 517.

The swollen stimulus sensitive gel 510 can be made to
undergo its phase transition when it is exposed to the proper
or predetermined stimulus, such as and by way of example
only, when it is heated or cooled to a designated temperature,
depending on whether the polymer gel was of the LCST or
UCST type. Regardless, as the swollen stimulus sensitive gel
510 collapses or shrinks, the water (or other liquid or mixture)
514 and possibly the constituent parts 509 contained in the
matrix of the swollen stimulus sensitive gel 510, are expelled.
Consequently, as shown in FIG. 5A and F1G. 5B, the expelled
liquid 515 and/or constituent parts 509 would be absorbed by
a suitable absorbent material 507 such as a silica gel, such as
hygroscopic silica or another absorbent material such as
sodium polyacrylate or polyacrylamide derivatives or a natu-
ral absorbent) that permanently binds to the expelled liquid
515 and or constituent parts 509 expelled from the stimulus
sensitive gel 510.

The collapsing or shrinking of the swollen stimulus sensi-
tive gel 510 (caused by the loss of the liquid 514 and possibly
constituent parts 511 contained in the matrix of the swollen
stimulus sensitive gel 510 when the swollen stimulus sensi-
tive gel 510 undergoes its phase transition), thereby resulting
in the shrunken stimulus sensitive gel 520 preferably collect-
ing under the top portion 508 of the stimulus indicating device
500, would expose the colored indicator spot 516 through the
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indicator window 512 (which would now present a red color,
for example), indicating to the user of the stimulus sensitive
product that the product had been exposed to a harmful stimu-
lus, such as an extreme temperature.

Referring again to FIG. 5A and FIG. 5B, the shrunken
stimulus sensitive gel 520 would remain permanently in its
collapsed or shrunken state, even if the predetermined stimu-
lus, such as temperature, were removed, because the
shrunken stimulus sensitive gel 520 would not come back into
contact with the expelled water 515 and/or constituent parts
509 because they had been bound to and/or trapped by the
semi-permeable membrane 531 and possibly absorbent mate-
rial 507 (as disclosed herein), thereby permanently prevent-
ing the shrunken stimulus sensitive gel 520 from expanding
back to its original volume once the predetermined stimulus
had been removed. By permanently trapping the expelled
liquid 515 and/or constituent parts 509 via the semi-perme-
able membrane 531 and possibly the absorbent material 507,
the shrunken stimulus sensitive gel 520 would be perma-
nently prevented from expanding or swelling and re-covering
the indicator spot 516, even when the predetermined stimulus
condition is removed.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
510 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 510 and 520 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 510 of this preferred embodiment could trigger or undergo
its phase transition upon exposure to a predetermined stimu-
lus such as a predetermined pH level, or the swollen stimulus
sensitive gel 510 of this preferred embodiment could trigger
or undergo its phase transition upon exposure to a predeter-
mined level of electromagnetic radiation.

As the expelled fluid 515 and constituent parts 509 leave
the swollen stimulus sensitive gel 510, the swollen stimulus
sensitive gel 510 collapses or shrinks in volume, so as to result
in the shrunken stimulus gel 520 shown in F1G. 5B. As shown
in FIG. 5B, as the swollen stimulus sensitive gel 510 collapses
or shrinks in volume, it preferably moves towards the attach-
ment point 518, and in a direction away from the indicator
spot 516 and indicator window 512. Thus, by decreasing the
volume of the swollen stimulus sensitive gel 510 to result in
the shrunken stimulus sensitive gel 520, the indicator spot 516
is visible to the user through the indicator window 512. Thus,
as the volume of the swollen stimulus sensitive gel 510
decreases it begins to resemble the shrunken stimulus sensi-
tive gel 520, and reveals the indicator spot 516 to the user
through the indicator window 512.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 510 to collapse or shrink entirely in
order for the indicator spot 516 to be visible to the user.
Instead, if even a portion of the indicator spot 516 is visible to
the user through the indicator window 512, which is enough
to signal to the user that the product attached to the stimulus
indicating device 500 had been exposed to a potentially harm-
ful stimulus. More specifically, although the decrease in vol-
ume of the swollen stimulus sensitive gel 510 in all of the
embodiments of the stimulus indicating device 500 discussed
herein can be by any amount so long as it is registerable,
preferably the decrease in volume of the swollen stimulus
sensitive gel 510 would be between at least a /10 reduction in
original volume, and up to a 500 times decrease in original
volume. In regard to all embodiments of the stimulus indicat-
ing device 500 discussed herein as they pertain to the decrease
in the volume being “registerable” what is meant is that the
volume change of the swollen stimulus sensitive gel 510
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expels enough liquid 514 and constituent parts 509 from the
swollen stimulus sensitive gel 510 to cause the swollen stimu-
lus sensitive gel 510 to collapse or shrink enough so that it
reveals enough of the indicator spot 516 so that a registerable
change in color (e.g., a change in color from a first color to a
second color) or indication (e.g., an indicator spot 516 that is
the same color as the stimulus sensitive gel 510 and 520 but is
a glyph, such as an “X” or “skull and cross bones”) occurs in
the stimulus indicating device 500, and is visible via the
indicator window 512, and indicates to the user that the prod-
uct had been exposed to a predetermined stimulus. Of course,
one of ordinary skill in the art understands the reverse is true,
and that is a stimulus sensitive gel 510 and 520 is employed
that covers up the indicator spot 516 upon exposure to a
predetermined stimulus, then it need only cover a portion or
enough of the indicator spot 516 so that a registerable change
in color (e.g., a change in color from a first color to a second
color) occurs in the stimulus indicating device 500, and is
visible via the indicator window 512.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future.

Both the backing layer 525 and the upper layer 526 may be
constructed of a strong, resilient leak-proof material, such as
plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
or application to the stimulus sensitive product without tear-
ing, breaking or leaking. The backing layer 525 and the upper
layer 526 may also be made of a material that preferably
allows them to be joined and sealed together, such as by heat
stamping or other suitable means. The backing layer 525 and
the upper layer 526 can both approximate the length and
width of the first compartment 502 plus the length and width
of the second compartment 504, although variations in these
dimensions are within the scope of the present invention. The
upper layer 526 can preferably be made of a clear material,
such as plastic, so that the user of the stimulus indicating
device 500 can view at least some portion of the backing
material or indicator spot 516 through the indicator window
512. The upper layer 526 can also be able to accept paint or
ink so as to allow for coloring or concealing at least some
portion of the first compartment 502.

Although some portion of the upper layer 526 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 512 portion of the upper layer 526 remain free
from ink or coloring so that the user of the stimulus indicating
device 500 can observe the first compartment 502 through the
indicator window 512 as explained herein.

The stimulus sensitive gel 510 and 520 employed by the
preferred variations of this embodiment, as shown in FIG. 5A
and FIG. 5B, is preferably manufactured so as to contain a dye
or colorant that is different from the color of the indicator spot
516. In this way the color of the stimulus sensitive gel 510 and
520 in both its swollen and collapsed state, is different from
the color of the indicator spot 516. Thus, when the swollen
stimulus sensitive gel 510 collapses or shrinks in response to
the predetermined stimulus, by even a partial amount, the
change or decrease in volume will result in the stimulus
indicating device 500 changing, at least partially, from a first
color to a second color, wherein the color change is visible to
the user of the stimulus indicating device 500 through the
indicator window 512. This alternative embodiment of the
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stimulus indicating device 500 as disclosed herein and in
conjunction with FIG. 5A, FIG. 5B and FIG. 5C this alterna-
tive embodiment can be combined in conjunction with all the
embodiments shown in FIG. 2A through FIG. 2F to disclose
to the user of the stimulus indicating device 500 that the
product to which it is attached had been exposed to a prede-
termined stimulus.

Preferably, the stimulus sensitive gel 510 and 520 would be
fixed or secured at the attachment point 518, or at more than
one attachment point desired. The stimulus sensitive gel 510
and 520 may be fixed to the attachment point 518 with a
suitable epoxy, glue, or it could be heat stamped upon creation
of the stimulus indicating device 500. The attachment point
518 is preferably positioned at a point opposite the indicator
spot 516 and indicator window 512. Attaching the stimulus
sensitive gel 510 and 520 to the attachment point 518 helps to
ensure that the swollen stimulus sensitive gel 510 collapses or
shrinks in a desired direction—ypreferably toward the attach-
ment point 518, and away from the indicator spot 516 and
away from the indicator window 512, so that the indicator
spot 116 is revealed upon exposure to a predetermined stimu-
lus. Securing or fixing the stimulus sensitive gel 510 and 520
to the attachment point 518 prevents the stimulus sensitive gel
510 and 520 from floating or moving within the compartment
and covering up the indicator spot 516 after the swollen
stimulus sensitive gel 510 had undergone its phase transition,
thereby preventing a false indication that the product attached
to the stimulus indicator device 500 had not been exposed to
a predetermined stimulus.

All embodiments discussed herein of the stimulus indicat-
ing device 500 containing the swollen stimulus sensitive gel
510 and the shrunken stimulus sensitive gel 520 may be based
on any type of stimulus sensitive gel that undergoes a phase
transition upon exposure of the stimulus sensitive gel to a
predetermined stimulus. The preferred types of stimulus sen-
sitive gels include polyacrylic acid (PAA) gel, a polyacryla-
mide (PAAm) gel, and/or its variations such as poly(N-iso-
propylacrylamide) (PNIPAAm) gels, and/or their derivatives.
As is known in the art, such stimulus sensitive gels and/or
other equivalent gels and/or their derivatives, undergo a sig-
nificant change in volume in response to a range of stimuli,
including temperature, solvent composition, pH, ionic
strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 510 and 520 used
in all the embodiments of the stimulus indicating device 500
discussed herein can be selected so as to correlate to a specific
situation. For example, one of ordinary skill will appreciate
and understand that if the stimulus sensitive gel in this
embodiment is swollen at the beginning of'its use as it under-
goes its phase transition, it will collapse or shrink, thereby
causing a change in color or indication in the stimulus indi-
cator 500. Alternatively, the stimulus sensitive gel could start
out collapsed or shrunken, but upon exposure to its predeter-
mined stimulus it would permanently expand or swell and
cause a change in color or indication in the stimulus indicator
500. By way of example only and as disclosed herein and in
prior applications, a stimulus sensitive gel 510 and 520 can be
of'the UCST type or the LCST type gel. As one of ordinary
skill in the art will appreciate, a UCST type stimulus sensitive
gel, such as PAAm gels, could be used when one wishes to
have an initially swollen stimulus sensitive gel collapse or
shrink when cooled below a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
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indication. A UCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is heated beyond a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. Alternatively, an LCST type stimulus sensitive
gel, such as PNIPAAm gels, could be used when one wishes
to have an initially swollen stimulus sensitive gel collapse or
shrink when heated above a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. An LCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is cooled below a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 510 and 520 discussed
herein in regard to all embodiments of the stimulus indicating
device 500 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 510 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 520; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 510), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel 510
and the shrunken stimulus sensitive gel 520 also being of the
LCST type of gel. Moreover, it should be noted that all the
variations of the different embodiments discussed herein can
be combined with the variations of other embodiments
described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 510 and 520 employed in all the
embodiments of the stimulus indicating device 500 discussed
herein were made of UCST type stimulus sensitive gels, it
could be any number of such UCST gels, including: 1) poly-
acrylic acid (PAA) gel combined with polyacrylamide
(PAAm) gel; or ii)) PAAm gel combined with poly sodium
3-butenoate (SB) gel to result in the creation of poly(AAm-
co-SB) gel; or iii) their derivates, and as described in Tanaka,
“Gels,” Scientific American 244 (1981) at 124-138 and
Tanaka, “Phase Transitions in lonic Gels,” Physical Review
Letters 45 (1980) at 1636-1639, the predetermined “trigger”
stimulus at which a UCST gel undergoes its phase transition,
and thereby expels the liquid 514 and constituent parts 509
and thus collapses or shrinks in volume, can be “tuned” to a
particular value by changing the solvent trapped in the gel
polymer matrix in addition to introducing salts, surfactants,
or other substances to the gel matrix. Such “tuning” in regard
to UCST type gels is discussed herein. Similarly, if the stimu-
lus sensitive gel 510 and 520 employed in all the embodi-
ments of the stimulus indicating device 500 discussed herein
were made of LSCT type stimulus sensitive gels, it could be
any number of such LCST gels, including PNIPAAm gels,
and as described in U.S. Pat. No. 4,732,930 in regard to
PNIPAAm, the predetermined stimulus, such as temperature
at which a stimulus sensitive gel 510 and 520 undergoes its
phase transition and changes volume, can be “tuned” to a
particular value by adding salts, surfactants, or other sub-
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stances to the gel matrix. Explanations of how the transition
temperature of an LCST gel can be tuned can be found in the
following references: Zhang et al., “Specific lon Effects on
the Water Solubility of Macromolecules: PNIPAM and the
Hofmeister Series” Journal of the American Chemical Soci-
ety volume 127 at 14505 to 14510 and Park et al., “Sodium
Chloride-Induced Phase Transition in Nonionic Poly(N-iso-
propylacrylamide) Gel Macromolecules volume 26 at 5045
to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 510 and 520, and thus the corresponding expul-
sion of liquid 514 and constituent parts 509 can be insignifi-
cantor it can be dramatic. If the desired visual indication is the
result of the swollen stimulus sensitive gel 510 moving com-
pletely out of the indicator window 512 and revealing the
indicator spot 516, then a large change in volume is preferred.

5. Embodiments with Constricting Portion

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 6A and FIG. 6B, an alternative
embodiment of the inventive stimulus indicating devices
described herein has at least two compartments, a first com-
partment 602 and a second compartment 604. The first com-
partment 602 and second compartment 604 are separated by
a constricting portion 632 or neck portion 632 or any other
type of choke portion 632 understood by one of ordinary skill
in the art or as described in prior applications that constricts
the flow of the stimulus sensitive gel 610 and 620. By way of
example only, this constricting portion 632 is described
herein and in prior applications as a nozzle portion 632, a neck
portion 632, a constricting portion 632, or any combination
thereof. In this alternative embodiment the liquid bath as
found in the preferred embodiment is not necessarily needed.
Prior to exposure to a predetermined stimulus the swollen
stimulus sensitive gel 610 is contained in either: i) only the
first compartment; ii) only the second compartment; or iii)
both the first compartment and the second compartment. This
type of stimulus sensitive gel and its location in the first,
second or both compartments is dependant on the application
of the stimulus indicator device.

In the preferred variation of this alternative embodiment,
the swollen stimulus sensitive gel 610 is preferably contained
in both the first compartment 602 and second compartment
604. More particularly, the first compartment 602 contains at
least enough of the swollen stimulus sensitive gel 610 so as to
cover at least a portion and preferably all of the indicator spot
616 which is also contained in the first compartment 602. The
second compartment 604 collects and serves as a reservoir for
the stimulus sensitive gel 610 and 620 as it collapses and
shrinks due to exposure to a predetermined stimulus, as well
as possibly collects the expelled fluid 615 and expelled con-
stituent parts 609 that are expelled from the swollen stimulus
sensitive gel 610, and possibly contains an absorbent material
for absorbing and binding the expelled fluid 615 and/or con-
stituent parts 609 as described herein.

The neck portion 632 constricts and binds the shrunken
stimulus sensitive gel 620, even when it is only partially
collapsed or shrunken because of its shape. More specifically,
as shown in at least FIG. 6A and FIG. 6B and as described in
prior applications, the side of the neck portion 632 that faces
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the first compartment 602 is wider than the portion that faces
the second compartment 604, so that it acts as a funnel as the
swollen stimulus sensitive gel 610 collapses and shrinks and
moves into the second compartment 604 upon exposure to a
predetermined stimulus, but prevents that shrunken stimulus
sensitive gel 620 from expanding back into the first compart-
ment 602 and re-covering the indicator spot 616 if the prede-
termined stimulus is removed and the shrunken stimulus sen-
sitive gel 620 undergoes its reverse phase transition.

Although this alternate embodiment is described in terms
of'the stimulus sensitive gel preferably being swollen initially
610, as discussed herein in regard to stimulus sensitive gels,
one of ordinary skill in the art would appreciate that the same
invention can be achieved with an initially shrunken stimulus
sensitive gel that expands or swells upon exposure to a pre-
determined stimulus so as to cover an indicator spot.

The first compartment 602 and second compartment 604
are formed in part by the backing layer 625 on the bottom of
the stimulus indicating device 600, and an upper layer 626 on
the top of the stimulus indicating device 600. The top layer
626 of the stimulus indicating device 600 is formed by at least
the indicator window 612 and the top portion 608 of the top
layer 626. The indicator spot 616 can be viewed through an
indicator window 612 located in the top layer 626 of the
stimulus indicating device 600. The first compartment 602
and the second compartment 604 are additionally formed and
differentiated from one another by the neck portion 632.

Alternatively, as shown in FIG. 6C an alternate embodi-
ment could position the first compartment 602 above the
second compartment 604 separated by the neck portion 632.
Other shapes are contemplated within the scope of the inven-
tion as would be understood by one of ordinary skill in the art
and/or as previously described in prior applications.

Prior to being exposed to a predetermined trigger stimulus,
the swollen stimulus sensitive gel 610 has not yet undergone
a phase transition and preferably covers the entire indicator
spot 616. The indicator spot 616 is positioned below the
indicator window 612, but is preferably not visible through
the indicator window 612 prior to the stimulus indicating
device 600 being exposed to the predetermined stimulus
because it is preferably entirely covered by the swollen stimu-
lus sensitive gel 610. As shown in FIG. 6A, only a portion of
the swollen stimulus sensitive gel 610 is visible through the
indicator window 612, with the remaining portion of the
swollen stimulus sensitive gel 610 hidden from the view of
the user by the top portion 608 of the stimulus indicating
device 600.

The swollen stimulus sensitive gel 610 contains fluid 614
and/or constituent parts 609, which allow the swollen stimu-
lus sensitive gel 610 to maintain its expanded or swollen
volume. When the swollen stimulus sensitive gel 610 is
exposed to a predetermined stimulus, however, it undergoes
its phase transition and the fluid 614 and constituent parts 609
contained in the swollen stimulus sensitive gel 610 are
expelled from the swollen stimulus sensitive gel 610 and enter
the first compartment 602.

As discussed herein, this alternative embodiment of the
stimulus indicating device 600 contains a stimulus sensitive
gel 610 and 620 described herein in regard to FIG. 6A and
FIG. 6B. As the stimulus sensitive gel 610 and 620 is exposed
to a predetermined stimulus, by way of example only, a cer-
tain temperature, and it undergoes its phase transition by
collapsing or shrinking in volume, it not only uncovers the
indicator spot 616 visible through the display portion or indi-
cator window 612, but it expels the fluid 614 (by way of
example only, water) and/or constituent parts 609 (by way of
example only, dye particles that can be absorbed and/or
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trapped by an absorbent material) from within the matrix of
the swollen stimulus sensitive gel 610 and into the single
compartment 602 of the stimulus indicator 600.

Upon exposure of the stimulus sensitive product to its
predetermined phase transition stimulus, such as tempera-
ture, the swollen stimulus sensitive gel 610 would undergo its
phase transition and collapse or shrink to become the
shrunken stimulus sensitive gel 620 due to the loss of the
water or liquid 614 and constituent parts 609 contained in its
matrix. As the swollen stimulus sensitive gel collapses or
shrinks, it partially or wholly withdraws from not only the
indicator window 612 but from the first compartment 602, so
that it is either only partially visible through the indicator
window 612, or would be hidden completely from the user
because it is covered completely by the top portion 608 of the
device 600 which in this alternative embodiment covers both
the first compartment 602 and second compartment 604, and
thus is not visible through the indicator window 612. The
more the swollen stimulus sensitive gel 610 collapses or
shrinks the more it reveals the indicator spot 616, and the
more it becomes like the collapsed or shrunken stimulus
sensitive gel 620 in FIG. 6B. Such partial or full exposure of
the indicator spot 616 by the collapse or shrinking of the
swollen stimulus sensitive gel 610 to become the collapsed or
shrunken stimulus sensitive gel 620 is the same for all varia-
tions of this embodiment discussed herein.

Alternatively, the second compartment 604 could also con-
tain an absorbent material that has an affinity for the expelled
liquid (as described herein, in particular in regard to FIGS.
3A, 3B, 4A and 4B or as understood in the art), so as to
permanently bind to and trap the expelled liquid 615 and/or
constituent parts 611 in the second compartment 604. By way
of example only, if the expelled liquid 614 were water, the
absorbent material could be a silica gel, such as hygroscopic
silica or another absorbent material such as sodium polyacry-
late or polyacrylamide derivatives or a natural absorbent) that
permanently binds to the expelled liquid 615 and or constitu-
ent parts 609 expelled from the stimulus sensitive gel 610.

It should be noted that by manipulating the size of the neck
portion 632 (e.g., the opening that faces the first compartment
602 and the opening that faces the second compartment 604)
and/or manipulating the angle at which the neck portion trav-
els from the first compartment 602 to the second compart-
ment 604, the time required for stimulus sensitive gel 610 and
620 to move from the first compartment 602 into the second
compartment 604, and thereby expose or uncover the indica-
tor spot 616 can be varied. Such manipulation of the neck
portion 632 includes increasing or decreasing its openings of
the neck portion 632 and/or increasing or decreasing the
angle of the neck portion 632, so as to control the speed at
which the stimulus sensitive gel 610 and 620 moves from the
first compartment 602 into the second compartment 604.

An advantage of using such an embodiment of the stimulus
indicating device 600 is that both the exposure to a predeter-
mined stimulus as well as the time of exposure can be indi-
cated. As an example, if the predetermined stimulus occurs
for just a short period of time, and is removed before the
stimulus sensitive gel 610 and 620 have completely moved
from the first compartment 602 into the second compartment
604 because the neck portion 632 prevents the stimulus sen-
sitive gel 610 and 620 from freely flowing into the second
compartment 604, then the expelled liquid 615 and constitu-
ent parts 609 will be wicked or drawn back into the portion of
the shrunken stimulus sensitive gel 620 that remains in the
first compartment 602 so as to re-expand or re-swell as a
result of undergoing its reverse phase transition because for
example the predetermined stimulus had been removed, and
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thereby preventing the stimulus indicating device 600 from
changing from a first color 613 to a second color 617.

The swollen stimulus sensitive gel 610 can be made to
undergo its phase transition when it is exposed to the proper
or predetermined stimulus, such as and by way of example
only, when it is heated or cooled to a designated temperature,
depending on whether the polymer gel was ofthe LCST or the
UCST type gel. Regardless, as the swollen stimulus sensitive
gel 610 collapses or shrinks, the water (or other liquid or
mixture) 614 and possibly the constituent parts 609 contained
in the matrix of the swollen stimulus sensitive gel 610, are
expelled. Consequently, as shown in FIG. 6A and FIG. 6B,
the expelled liquid 615 and/or constituent parts 609 would be
absorbed by a suitable absorbent material 607, such as could
be asilica gel, such as hygroscopic silica or another absorbent
material such as sodium polyacrylate or polyacrylamide
derivatives or a natural absorbent) that permanently binds to
the expelled liquid 615 and or constituent parts 609 expelled
from the stimulus sensitive gel 610.

The collapsing or shrinking of the swollen stimulus sensi-
tive gel 610 (caused by the loss of the liquid 614 and possibly
constituent parts 609 contained in the matrix of the swollen
stimulus sensitive gel 610 when the swollen stimulus sensi-
tive gel 610 undergoes its phase transition), thereby resulting
in the shrunken stimulus sensitive gel 620 preferably collect-
ing under the top portion 608 of the stimulus indicating device
600, would expose the colored indicator spot 616 through the
indicator window 612 (which would now present a red color,
for example), indicating to the user of the stimulus sensitive
product that the product had been exposed to a harmful stimu-
lus, such as an extreme temperature.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
610 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 610 and 620 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 610 ofthis preferred embodiment could trigger or undergo
its phase transition upon exposure to a predetermined stimu-
lus such as a predetermined pH level, or the swollen stimulus
sensitive gel 610 of this preferred embodiment could trigger
or undergo its phase transition upon exposure to a predeter-
mined level of electromagnetic radiation.

As the expelled fluid 615 and constituent parts 609 leave
the swollen stimulus sensitive gel 610, the swollen stimulus
sensitive gel 610 collapses or shrinks in volume, so as to result
in the shrunken stimulus gel 620 shown in FIG. 6B. As shown
in FIG. 6B, as the swollen stimulus sensitive gel 610 collapses
or shrinks in volume, it preferably moves towards the attach-
ment point 618, and in a direction away from the indicator
spot 616 and indicator window 612. Thus, by decreasing the
volume of the swollen stimulus sensitive gel 610 to result in
the shrunken stimulus sensitive gel 620, the indicator spot 616
is visible to the user through the indicator window 612. Thus,
as the volume of the swollen stimulus sensitive gel 610
decreases it begins to resemble the shrunken stimulus sensi-
tive gel 620, and reveals the indicator spot 616 to the user
through the indicator window 612.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 610 to collapse or shrink entirely in
order for the indicator spot 616 to be visible to the user.
Instead, if even a portion of the indicator spot 616 is visible to
the user through the indicator window 612, that is enough to
signal to the user that the product attached to the stimulus
indicating device 600 had been exposed to a potentially harm-
ful stimulus. More specifically, although the decrease in vol-
ume of the swollen stimulus sensitive gel 610 in all of the
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embodiments of the stimulus indicating device 600 discussed
herein can be by any amount so long as it is registerable,
preferably the decrease in volume of the swollen stimulus
sensitive gel 610 would be between at least a /10 reduction in
original volume, and up to a 500 times decrease in original
volume. In regard to all embodiments of the stimulus indicat-
ing device 600 discussed herein as they pertain to the decrease
in the volume being “registerable” what is meant is that the
volume change of the swollen stimulus sensitive gel 610
expels enough liquid 614 and constituent parts 609 from the
swollen stimulus sensitive gel 610 to cause the swollen stimu-
lus sensitive gel 610 to collapse or shrink enough so that it
reveals enough of the indicator spot 616 so that a registerable
change in color (e.g., a change in color from a first color to a
second color) or indication (e.g., an indicator spot 616 that is
the same color as the stimulus sensitive gel 610 and 620 but is
a glyph, such as an “X” or “skull and cross bones”) occurs in
the stimulus indicating device 600, and is visible via the
indicator window 612, and indicates to the user that the prod-
uct had been exposed to a predetermined stimulus. Of course,
one of ordinary skill in the art understands the reverse is true,
and that is a stimulus sensitive gel 610 and 620 is employed
that covers up the indicator spot 616 upon exposure to a
predetermined stimulus, then it need only cover a portion or
enough of the indicator spot 616 so that a registerable change
in color (e.g., a change in color from a first color to a second
color) occurs in the stimulus indicating device 600, and is
visible via the indicator window 612.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future.

Both the backing layer 625 and the upper layer 626 may be
constructed of a strong, resilient leak-proof material, such as
plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
or application to the stimulus sensitive product without tear-
ing, breaking or leaking. The backing layer 625 and the upper
layer 626 may also be made of a material that preferably
allows them to be joined and sealed together, such as by heat
stamping or other suitable means. The backing layer 625 and
the upper layer 626 can both approximate the length and
width of the first compartment 602 plus the length and width
of'the second compartment 604, although variations in these
dimensions are within the scope of the present invention. The
upper layer 626 can preferably be made of a clear material,
such as plastic, so that the user of the stimulus indicating
device 600 can view at least some portion of the backing
material or indicator spot 616 through the indicator window
612. The upper layer 626 can also be able to accept paint or
ink so as to allow for coloring or concealing at least some
portion of the first compartment 602.

Although some portion of the upper layer 626 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 612 portion of the upper layer 626 remain free
from ink or coloring so that the user of the stimulus indicating
device 600 can observe the first compartment 602 through the
indicator window 612 as explained herein.

The stimulus sensitive gel 610 and 620 employed by the
preferred variations of this embodiment, as shown in FIG. 6 A
and FIG. 6B, is preferably manufactured so as to contain a dye
or colorant that is different from the color of the indicator spot
616. In this way the color of the stimulus sensitive gel 610 and
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620 in both its swollen and collapsed state, is different from
the color of the indicator spot 616. Thus, when the swollen
stimulus sensitive gel 610 collapses or shrinks in response to
the predetermined stimulus, by even a partial amount, the
change or decrease in volume will result in the stimulus
indicating device 600 changing, at least partially, from a first
color to a second color, wherein the color change is visible to
the user of the stimulus indicating device 600 through the
indicator window 612. This alternative embodiment of the
stimulus indicating device 600 as disclosed herein and in
conjunction with FIG. 6 A, FIG. 6B and FIG. 6C this alterna-
tive embodiment can be combined in conjunction with all the
embodiments shown in FIG. 2A through FIG. 2F to disclose
to the user of the stimulus indicating device 600 that the
product to which it is attached had been exposed to a prede-
termined stimulus.

Preferably, the stimulus sensitive gel 610 and 620 would be
fixed or secured at the attachment point 618, or at more than
one attachment point desired. The stimulus sensitive gel 610
and 620 may be fixed to the attachment point 618 with a
suitable epoxy, glue, or it could be heat stamped upon creation
of the stimulus indicating device 600. The attachment point
618 is preferably positioned at a point opposite the indicator
spot 616 and indicator window 612. Attaching the stimulus
sensitive gel 610 and 620 to the attachment point 618 helps to
ensure that the swollen stimulus sensitive gel 610 collapses or
shrinks in a desired direction—preferably toward the attach-
ment point 618, and away from the indicator spot 616 and
away from the indicator window 612, so that the indicator
spot 116 is revealed upon exposure to a predetermined stimu-
lus. Securing or fixing the stimulus sensitive gel 610 and 620
to the attachment point 618 prevents the stimulus sensitive gel
610 and 620 from floating or moving within the compartment
and covering up the indicator spot 616 after the swollen
stimulus sensitive gel 610 had undergone its phase transition,
thereby preventing a false indication that the product attached
to the stimulus indicator device 600 had not been exposed to
a predetermined stimulus.

All embodiments discussed herein of the stimulus indicat-
ing device 600 containing the swollen stimulus sensitive gel
610 and the shrunken stimulus sensitive gel 620 may be based
on any type of stimulus sensitive gel that undergoes a phase
transition upon exposure of the stimulus sensitive gel to a
predetermined stimulus. The preferred types of stimulus sen-
sitive gels include polyacrylic acid (PAA) gel, a polyacryla-
mide (PAAm) gel, and/or its variations such as poly n-isopro-
pylacrylamide (PNIPAAm) gels, and/or their derivatives. As
is known in the art, such stimulus sensitive gels and/or other
equivalent gels and/or their derivatives, undergo a significant
change in volume in response to a range of stimuli, including
temperature, solvent composition, pH, ionic strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 610 and 620 used
in all the embodiments of the stimulus indicating device 600
discussed herein can be selected so as to correlate to a specific
situation. For example, one of ordinary skill will appreciate
and understand that if the stimulus sensitive gel in this
embodiment is swollen at the beginning of'its use as it under-
goes its phase transition, it will collapse or shrink, thereby
causing a change in color or indication in the stimulus indi-
cator 600. Alternatively, the stimulus sensitive gel could start
out collapsed or shrunken, but upon exposure to its predeter-
mined stimulus it would permanently expand or swell and
cause a change in color or indication in the stimulus indicator
600. By way of example only and as disclosed herein and in
prior applications, a stimulus sensitive gel 610 and 620 can be
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of'the UCST type or the LCST type gel. As one of ordinary
skill in the art will appreciate, a UCST type stimulus sensitive
gel, such as PAAm gels, could be used when one wishes to
have an initially swollen stimulus sensitive gel collapse or
shrink when cooled below a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. A UCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is heated beyond a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. Alternatively, an LCST type stimulus sensitive
gel, such as PNIPAAm gels, could be used when one wishes
to have an initially swollen stimulus sensitive gel collapse or
shrink when heated above a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. An LCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is cooled below a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 610 and 620 discussed
herein in regard to all embodiments of the stimulus indicating
device 600 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 610 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 620; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 610), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel 610
and the shrunken stimulus sensitive gel 620 also being of the
LCST type of gel. Moreover, it should be noted that all the
variations of the different embodiments discussed herein can
be combined with the variations of other embodiments
described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 610 and 620 employed in all the
embodiments of the stimulus indicating device 600 discussed
herein were made of UCST type stimulus sensitive gels, it
could be any number of such UCST gels, including: 1) poly-
acrylic acid (PAA) gel combined with polyacrylamide
(PAAm) gel; or i) PAAm gel combined with poly sodium
3-butenoate (SB) gel to result in the creation of poly(AAm-
co-SB) gel; or iii) their derivates, and as described in Tanaka,
“Gels,” Scientific American 244 (1981) at 124-138 and
Tanaka, “Phase Transitions in lonic Gels,” Physical Review
Letters 45 (1980) at 1636-1639, the predetermined “trigger”
stimulus at which a UCST gel undergoes its phase transition,
and thereby expels the liquid 614 and constituent parts 609
and thus collapses or shrinks in volume, can be “tuned” to a
particular value by changing the solvent trapped in the gel
polymer matrix in addition to introducing salts, surfactants,
or other substances to the gel matrix. Such “tuning” in regard
to UCST type gels is discussed herein. Similarly, if the stimu-
lus sensitive gel 610 and 620 employed in all the embodi-
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ments of the stimulus indicating device 600 discussed herein
were made of LSCT type stimulus sensitive gels, it could be
any number of such LCST gels, including PNIPAAm gels,
and as described in U.S. Pat. No. 4,732,930 in regard to
PNIPAAm, the predetermined stimulus, such as temperature
at which a stimulus sensitive gel 610 and 620 undergoes its
phase transition and changes volume, can be “tuned” to a
particular value by adding salts, surfactants, or other sub-
stances to the gel matrix. Explanations of how the transition
temperature of an LCST gel can be tuned can be found in the
following references: Zhang et al., “Specific lon Effects on
the Water Solubility of Macromolecules: PNIPAM and the
Hofmeister Series” Journal of the American Chemical Soci-
ety volume 127 at 14505 to 14510 and Park et al., “Sodium
Chloride-Induced Phase Transition in Nonionic Poly(N-iso-
propylacrylamide) Gel” Macromolecules volume 26 at 5045
to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 610 and 620, and thus the corresponding expul-
sion of liquid 614 and constituent parts 609 can be insignifi-
cantor it can be dramatic. If the desired visual indication is the
result of the swollen stimulus sensitive gel 610 moving com-
pletely out of the indicator window 612 and revealing the
indicator spot 616, then a large change in volume is preferred.

6. Embodiments with Single Compartment with
Color Changing Material

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 7A through FIG. 7F as well as FIG.
2A through FIG. 2F, an alternative embodiment of the inven-
tive stimulus indicating device 700 preferably has a single
compartment containing the swollen stimulus sensitive gel
710, and a color changing absorbent material 707, and pref-
erably it does not contain the liquid bath of the preferred
embodiment. Although this embodiment is described in terms
of the stimulus sensitive gel preferably being swollen ini-
tially, as discussed herein in regard to stimulus sensitive gels,
one of ordinary skill in the art would appreciate that the same
invention can be achieved with an initially shrunken stimulus
sensitive gel that draws out constituent parts from the color
changing absorbent material and uses them to expand or swell
upon exposure to a predetermined stimulus so as to resultin a
color change.

The first compartment 702 is formed by the backing layer
725 on the bottom of the stimulus indicating device 700 and
an upper layer 726 on top of the stimulus indicating device
700. The top layer 726 of the stimulus indicating device 700
is formed by at least the indicator window 712 and the top
portion 716 of the top layer 726. The color changing absor-
bent material 707 can be viewed through an indicator window
712 located in the top layer 726 of the stimulus indicating
device 700.

Both the backing layer 725 and the upper layer 726 may be
constructed of a strong, resilient leak-proof material, such as
plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
the stimulus sensitive product without tearing, breaking or
leaking. The backing layer 725 and the upper layer 726 may
also be made of a material that preferably allows them to be
joined and sealed together, such as by heat stamping or other
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suitable means. The backing layer 725 and the upper layer
726 can both approximate the length and width of the first
compartment 702, although variations in these dimensions
are within the scope of the present invention. The upper layer
726 can preferably be made of a clear material, such as
plastic, so that the user of the stimulus indicating device 700
can view at least some portion of the backing material or color
changing absorbent material 707. The upper layer 726 can
also be able to accept paint or ink so as to allow for coloring
or concealing at least some portion of the first compartment
702.

Although some portion of the upper layer 726 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 712 portion of the upper layer 726 remains free
from ink or coloring so that the user of the stimulus indicating
device 700 can observe the first compartment 702 through the
indicator window 712 as explained herein. The backing layer
725 should also be able to accept paste, glue or other suitable
adhesive on the surface not facing the first compartment 702,
so as to allow it to be directly or indirectly attached to a
stimulus sensitive product.

By way of example only, the color changing absorbent
material 707 could be divalent cation indicator paper, litmus
paper or any equivalent absorbent material that is reactive to
acertain ion, element or similar substance. In regard to all the
embodiments of the stimulus indicating device discussed
herein being “reactive,” what is meant is that the color chang-
ing absorbent material 707 should change its observable
properties (by way of example only, its size, its color, etc.) in
reaction to coming into contact with the constituent parts 711
expelled from the swollen stimulus sensitive gel 710 as
described herein. Thus it is important that the color changing
absorbent material 707 has both an affinity for the expelled
liquid 715 and constituent parts 711 previously contained in,
and expelled from, the swollen stimulus sensitive gel 710; and
that at least a portion of the color changing absorbent material
707 changes properties upon coming into contact with the
expelled liquid 715 and constituent parts 711, so as to change
from a first color to a second color. Preferably the color
changing absorbent material 707 can operate in a semi-quan-
titative capacity.

In the preferred variation of this alternative embodiment,
the color changing absorbent material 707 is a divalent cat-
ionic paper that is reactive to constituent parts 711 such as by
way of example only, divalent cations (by way of example
only, Mg®* or Ca®*). As discussed herein, a suitable color
changing absorbent material 707, such as a total-hardness
indicator paper or test stick will indicate a change from a first
color 713 to a second color 717 upon exposure to constituent
parts 711 carried by the expelled liquid 715 after both are
expelled from the swollen stimulus sensitive gel 710.
Examples of such divalent cationic paper that can be used as
the color changing absorbent material 707 includes a total-
hardness indicator paper or test stick that is available from
Sigma-Aldrich under the trade name QUANTOFIX®, is
manufactured by Macherey-Nagel under the trade name
Acquadur®, and that changes color from blue to red upon
coming into contact with expelled liquid 715 containing the
constituent parts 711 (by way of example only, Mg>* or
Ca®*). Preferably the color changing absorbent material 707
operates in at least a semi-quantitative capacity.

As discussed herein, one method for incorporating the
constituent parts 711 that are reactive with the color changing
absorbent material 707 is to swell the swollen stimulus sen-
sitive gel 710 in a bath containing constituent parts 711 that
are specifically reactive with the selected color changing
absorbent material 707, including by way of example only,
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divalent cation salts (by way of example only Mg>* or Ca>*
salts), and/or varying concentrations of H*.

In the preferred variation of the alternative embodiment, as
the swollen stimulus sensitive gel 710 undergoes its phase
transition in reaction to exposure to a predetermined stimulus,
its volume changes by collapsing or shrinking due at least to
a portion of the liquid 714 and constituent parts 711 (by way
of example only Mg**) contained in the polymer network of
the swollen stimulus sensitive gel 710 being expelled. As the
swollen stimulus sensitive gel 710 expels even a portion of the
liquid 714 and the constituent parts 711, it collapses and
shrinks so that it resembles the shrunken stimulus sensitive
gel 720 shown in FIG. 7B. Once a portion of the liquid 714
and the constituent parts 711 are expelled from the swollen
stimulus sensitive gel 710, the expelled liquid 715 and the
expelled constituent parts 711 subsequently come into con-
tact with and are absorbed by the color changing absorbent
material 707. Because of the design of the color changing
absorbent material 707, as the constituent parts 711 are
absorbed by the color changing absorbent material 707, the
color changing absorbent material 707 changes from a first
color 713 to a second color 717 due to the reaction between
chemical moieties on the color changing absorbent material
707 and the constituent parts 711 carried by the expelled
liquid 715. Because of the design of the color changing absor-
bent material 707, at least part of the color changing absor-
bent material 707, and preferably all of the color changing
absorbent material 707 will change from a first color 713 to a
second color 717 upon coming into contact with the constitu-
ent parts 711.

Moreover, upon being absorbed by the color changing
absorbent material 707, the constituent parts 711 are perma-
nently bound to the color changing absorbent material 707
thereafter. Thus, even if the predetermined stimulus is
removed and the expelled liquid 715 is subsequently reab-
sorbed by the shrunken stimulus sensitive gel 720 so as to
become a partially or fully re-swollen stimulus sensitive gel
710, those constituent parts 711 remain bound to or trapped in
the color changing absorbent material 707, and thus that color
changing absorbent material 707 permanently remains col-
ored the second color 717.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 710 to collapse or shrink entirely in
order for the color change in the color changing absorbent
material 707 to be visible to the user. Instead, even if a portion
of'the color changing absorbent material 707 changes color so
as to be visible to the user through the indicator window 712,
that is enough to signal to the user that the product attached to
the stimulus indicating device 700 had been exposed to a
potentially harmful stimulus. More specifically, although the
decrease in volume of the swollen stimulus sensitive gel 710
in all of the embodiment of the stimulus indicating device 700
discussed herein can be by any amount so long as it is regis-
terable, preferably the decrease in volume of the swollen
stimulus sensitive gel 710 would be between at least a %10
reduction in original volume, and up to a 500 times decrease
in original volume. In regard to all embodiments ofthe stimu-
lus indicating device 700 discussed herein as they pertain to
the decrease in the volume being “registerable” what is meant
is that the volume change ofthe swollen stimulus sensitive gel
710 expels enough liquid 714 and constituent parts 711 from
the swollen stimulus sensitive gel 710 to cause the swollen
stimulus sensitive gel 710 to collapse or shrink enough so that
it permanently causes at least a partial color change in the
color changing absorbent material 707 from a first color 713
to asecond color 717 (e.g., a change in color from a first color
to a second color) or indication (e.g., a portion of the color
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changing absorbent material 707 is covered by the swollen
stimulus sensitive gel 320 and contains a glyph, such as an
“X” or “skull and cross bones” that is revealed either because
of a color change or because the swollen stimulus sensitive
gel 710 collapses or shrinks and reveals that glyph) occurs in
the stimulus indicating device 700, and is visible via the
indicator window 712, and indicates to the user that the prod-
uct had been exposed to a predetermined stimulus.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future.

In this alternative to the preferred version of this embodi-
ment, the color changing absorbent material 707 could be
pH-indicator strips manufactured by EMD Chemicals Inc.
These pH-indicator strips can react to and indicate exposure
to constituent parts 711 such as and by way of example only,
varying concentration of H* ions, by permanently changing
from a first color 713 to a second color 717. Preferably the
pH-indicator strips are manufactured in such a way that there
is a noticeable spectrum of colors that match the range of
possible pH concentrations. For example, the first color 713
of'the color changing absorbent material 707 could be colored
red prior to the stimulus indicating device 700 being exposed
to a predetermined stimulus. Then upon exposure to a prede-
termined stimulus, the swollen stimulus sensitive gel 710
would expel liquid 714 and constituent parts 711 (by way of
example only H*) which, upon contact with the color chang-
ing absorbent material 707, causes the color changing absor-
bent material 707 to change to a second color 717, such as
blue. Altering the pH of the expelled liquid 715 and the
content of the constituent parts 711 (by way of example only
H?*) will allow the first color 713 and second color 717 of the
color changing absorbent material 707 to be manipulated. For
example, if the swollen stimulus sensitive gel 710 was manu-
factured so that it was swollen with an aqueous solution of
either high pH (for example a pH of 14), or low pH (for
example a pH of 1), the most significant color contrast can be
achieved between the first color 713 and second color 717 of
the color changing absorbent material 707.

As shown in FIG. 7A the irreversible stimulus indicating
device 700 would preferably have a single compartment 702.
Within the single compartment 702 is the stimulus sensitive
gel in its expanded or swollen state 710, and the color chang-
ing absorbent material 707. At least a portion of this color
changing absorbent material 707 would be visible to a user
through the indicator window 712. Although the swollen
stimulus sensitive gel 710 is preferably hidden from the user
below the paint applied to the top portion 716 of the stimulus
sensitive device 700, it could also be visible to the user. If the
swollen stimulus sensitive gel 710 were visible to the user, it
is preferred that it be the same color as the color changing
absorbent material 707 prior to the color changing absorbent
material 707 coming into contact with the constituent parts
711.

Ifthe color changing absorbent material 707 has the ability
to wick liquid 714 and/or constituent parts 711 from the
swollen stimulus sensitive gel 710 simply by the color chang-
ing absorbent material 707 being in contact with the swollen
stimulus sensitive gel 710, then it is preferred that the color
changing absorbent material 707 and the swollen stimulus
sensitive gel 710 not be in physical contact with each other.
Thus, in the preferred embodiment the swollen stimulus sen-



US 9,182,292 B2

79

sitive gel 710 is physically separated from the color changing
absorbent material 707 so as to prevent the liquid 714 and the
constituent parts 711 contained in the swollen stimulus sen-
sitive gel 710 from being wicked into the color changing
absorbent material 707. Doing so prevents the stimulus sen-
sitive device 700 from giving a false indication of exposure to
a predetermined stimulus.

For all embodiments of the stimulus indicating device 700
discussed herein, an alternative way to position the swollen
stimulus sensitive gel 710 would be, as shown in FIG. 7C and
FIG. 7D, to surround the swollen stimulus sensitive gel 710
with the color changing absorbent material 707. Doing so
helps to ensure that the constituent parts 711 and the expelled
liquid 715 can more easily come into contact with the color
changing absorbent material 707 once the swollen stimulus
sensitive gel 710 undergoes its phase transition upon being
exposed to a predetermined stimulus. Positioning the swollen
stimulus sensitive gel 710 so that it is surrounded by color
changing absorbent material 707 would help to eliminate or
minimize problems that might be caused by gravity prevent-
ing the constituent parts 711 and the expelled liquid 715 from
contacting the color changing absorbent materials 707 and
providing an indication that the stimulus indicating device
700 had been exposed to a predetermined stimulus. An alter-
native to the structure/arrangement taught by FIG. 7C and
FIG. 7D is shown in FIG. 7E and FIG. 7F, wherein the swollen
stimulus sensitive gel 710 is positioned directly atop the color
changing absorbent material 707 prior to the stimulus indi-
cating device being exposed to a predetermined stimulus.
Note this alternative structure/embodiment shown in FIG. 7E
and FIG. 7F works best if the color changing absorbent mate-
rial 707 does not wick the liquid 714 and constituent parts 711
out of the stimulus sensitive gel 710 and 720 as discussed
herein in regard to other embodiments. It is also possible that
an impermeable membrane could separate the color changing
absorbent material 707 from the stimulus sensitive gel 710
and 720 in FIG. 7E and FIG. 7F to prevent such wicking.

For the embodiment shown in FIG. 7E it would be neces-
sary that the first color 713 of the color changing absorbent
material 707 be the same or similar to the coloring of the
swollen stimulus sensitive gel 710 prior to exposure to a
predetermined stimulus; then after exposure of the stimulus
indicating device 700 to the predetermined stimulus the color
changing absorbent material 707 would change to a second
color 717 that is visible through the indicator window 712, as
shown in FIG. 7F. Alternatively, for the embodiment shown in
FIG. 7E and FIG. 7F the swollen stimulus sensitive gel 710
could be translucent so that it does not have a color compo-
nent to it, so long as it contained enough constituent parts to
cause the color changing absorbent material 707 to change
from a first color 713 to a second color 717.

Preferably, the stimulus sensitive gel 710 and 720 would be
fixed or secured at the attachment point 718, or at more than
one attachment point if desired. The stimulus sensitive gel
710 and 720 may be fixed to the attachment point 718 with a
suitable epoxy, glue, or it could be heat stamped upon creation
of'the stimulus indicating device 700. Attaching the stimulus
sensitive gel 700 collapses or shrinks in a desired direction—
preferably away from the color changing absorbent material
707 and the indicator window 712. Moreover, securing or
fixing the stimulus sensitive gel 710 and 720 to the attachment
point ensures that the stimulus sensitive gel 710 and 720 does
not cover the color changing absorbent material 707 after it
had changed from a first color to a second color. Securing or
fixing the stimulus sensitive gel 710 and 720 to the attachment
point 718 prevents the stimulus sensitive gel 710 and 720
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from floating or moving within the compartment and cover-
ing up the color changing absorbent material 707 at all times.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
710 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 710 and 720 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 710 of this preferred embodiment could trigger or undergo
its phase transition upon exposure to a predetermined stimu-
lus such as a predetermined pH level, or the swollen stimulus
sensitive gel 710 of this preferred embodiment could trigger
or undergo its phase transition upon exposure to a predeter-
mined level of electromagnetic radiation.

All embodiments discussed herein of the stimulus indicat-
ing device 700 containing the swollen stimulus sensitive gel
710 and the shrunken stimulus sensitive gel 720 may be based
on any type of stimulus sensitive gel that undergoes a phase
transition upon exposure of the stimulus sensitive gel to a
predetermined stimulus. The preferred types of stimulus sen-
sitive gels include poly(acrylamide-co-acrylic acid) (PAAm-
co-AA) gel, a poly(acrylamide-co-sodium vinyl acrylate)
(PAAm-co-SVA) gel, and/or its variations such as poly(N-
isopropylacrylamide) (PNIPAAm) gels, and/or their deriva-
tives. As is known in the art, such stimulus sensitive gels
and/or other equivalent gels and/or their derivatives, undergo
a significant change in volume in response to a range of
stimuli, including temperature, solvent composition, pH,
ionic strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 710 and 720 used
in all the embodiments of the stimulus indicating device 700
discussed herein can be selected so as to correlate to a specific
situation. For example, one of ordinary skill will appreciate
and understand that if the stimulus sensitive gel in this
embodiment is swollen at the beginning of'its use as it under-
goes its phase transition, it will collapse or shrink, thereby
causing a change in color or indication in the stimulus indi-
cator 700. Alternatively, the stimulus sensitive gel could start
out collapsed or shrunken, but upon exposure to its predeter-
mined stimulus it would permanently expand or swell and
cause a change in color or indication in the stimulus indicator
100. By way of example only and as disclosed herein and in
prior applications, a stimulus sensitive gel 710 and 720 can be
of the “Upper Critical Solution Temperature” or UCST type
gel, or can be of the “Lower Critical Solution Temperature” or
LCST type gel. As one of ordinary skill in the art will appre-
ciate, a UCST type stimulus sensitive gel, such as PAAm-co-
SVA gels, could be used when one wishes to have an initially
swollen stimulus sensitive gel collapse or shrink when cooled
below a predetermined or trigger temperature and thereby: 1)
reveal an indicator spot; or ii) expel liquid and/or constituent
parts, both of which result in the stimulus indicating device
exhibiting a change in color or indication. A UCST type gel
could also be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
heated beyond a predetermined stimulus, and thereby: 1)
cover an indicator spot; or ii) collect liquid and/or constituent
parts, both of which result in the stimulus indicating device
exhibiting a change in color or indication. Alternatively, an
LCST type stimulus sensitive gel, such as PNIPAAm gels,
could be used when one wishes to have an initially swollen
stimulus sensitive gel collapse or shrink when heated above a
predetermined or trigger temperature and thereby: i) reveal an
indicator spot; orii) expel liquid and/or constituent parts, both
of which result in the stimulus indicating device exhibiting a
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change in color or indication. An LCST type gel could also be
used when one wishes to have an initially shrunken stimulus
sensitive gel expand or swell when it is cooled below a pre-
determined stimulus, and thereby: 1) cover an indicator spot;
or ii) collect liquid and/or constituent parts, both of which
result in the stimulus indicating device exhibiting a change in
color or indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 710 and 720 discussed
herein in regard to all embodiments of the stimulus indicating
device 700 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 710 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 720; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 710), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel 710
and the shrunken stimulus sensitive gel 720 also being of the
LCST type of gel. Moreover, it should be noted that all the
variations of the different embodiments discussed herein can
be combined with the variations of other embodiments
described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 710 and 720 employed in all the
embodiments of the stimulus indicating device 700 discussed
herein were made of UCST type stimulus sensitive gels, it
could be any number of such UCST gels, including: i) an
interpenetrating network of polyacrylamide (PAAm) and
polyacrylic acid (PAAc) or IPN-PAAm-PAAc; or ii) Acryla-
mide copolymerized with sodium vinyl acrylate (SVA) gel to
result in the creation of PAAm-co-SVA gel; or iii) their deri-
vates, and as described in Tanaka, “Gels,” Scientific Ameri-
can 244 (1981) at 124-138 and Tanaka, “Phase Transitions in
ITonic Gels,” Physical Review Letters 45 (1980) at 1636-1639,
the predetermined “trigger” stimulus at which a UCST gel
undergoes its phase transition, and thereby expels the liquid
714 and constituent parts 711 and thus collapses or shrinks in
volume, can be “tuned” to a particular value by changing the
solvent trapped in the gel polymer matrix in addition to intro-
ducing salts, surfactants, or other substances to the gel matrix.
Such “tuning” in regard to UCST type gels is discussed herein
and in U.S. Pat. No. 5,100,933. Similarly, if the stimulus
sensitive gel 710 and 720 employed in all the embodiments of
the stimulus indicating device 700 discussed herein were
made of LSCT type stimulus sensitive gels, it could be any
number of such LCST gels, including PNIPAAm gels, and as
described in U.S. Pat. No. 4,732,930 in regard to PNIPAAm
LCST type gels, the predetermined stimulus, such as tem-
perature at which a stimulus sensitive gel 710 and 720 under-
goes its phase transition and changes volume, can be “tuned”
to a particular value by adding salts, surfactants, or other
substances to the gel matrix. Explanations of how the transi-
tion temperature of an LCST gel can be tuned can be found in
the following references: Zhang et al., “Specific lon Effects
on the Water Solubility of Macromolecules: PNIPAM and the
Hofmeister Series” Journal of the American Chemical Soci-
ety volume 127 at 14505 to 14510 and Park et al., “Sodium
Chloride-Induced Phase Transition in Nonionic poly(N-iso-
propylacrylamide) Gel” Macromolecules volume 26 at 5045
to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
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that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 710 and 720, and thus the corresponding expul-
sion of liquid 714 and constituent parts 711 can be insignifi-
cant or it can be dramatic. If the desired visual indication as
the result of the swollen stimulus sensitive gel 710 expelling
its liquid 714 and its constituent parts 711 is to cause most or
all of the color changing absorbent material 707 to turn a
second color, then a large change in volume is preferred.

7. Embodiments with Two Compartments with
Permeable Membrane and Absorbent Material

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 8A through 8C as well as FIG. 2A
through FIG. 2F, an alternative embodiment of the inventive
stimulus indicating device preferably has a multi-compart-
ment stimulus indicating device 800 that could be used to
keep the color changing absorbent material 807 and both the
liquid 814 and constituent parts 811 contained in the swollen
stimulus sensitive gel 810, separate from each other, and
preferably it does not contain the liquid bath of the preferred
embodiment. More specifically, as shown in FIG. 8A and
FIG. 8B, the color changing absorbent material 807 is in the
first compartment 802 and can be viewed through an indicator
window 812. The swollen stimulus sensitive gel 810 is in the
second compartment 804. Although this embodiment is
described in terms of the stimulus sensitive gel preferably
being swollen initially, as discussed herein in regard to stimu-
lus sensitive gels, one of ordinary skill in the art would appre-
ciate that the same invention can be achieved with an initially
shrunken stimulus sensitive gel that draws out constituent
parts from the color changing absorbent material and uses
them to expand or swell upon exposure to a predetermined
stimulus so as to result in a color change.

The first compartment 802 and the second compartment
804 are formed by the backing layer 825 on the bottom of the
stimulus indicating device 800 and an upper layer 826 on the
top of the stimulus indicating device 800. The first compart-
ment 802 and the second compartment 804 are additionally
formed and differentiated from one another by a permeable
membrane 830. The permeable membrane is designed to
allow the expelled liquid 815 and constituent parts 811 to pass
from the second compartment 804 into the first compartment
802, and from the first compartment 802 to the second com-
partment 804.

Alternatively, as shown in FIG. 8C an alternate embodi-
ment could position the first compartment 802 above the
second compartment 804 separated by the permeable mem-
brane 830. Other shapes are contemplated within the scope of
the invention as previously described in prior applications.

Prior to exposure to a predetermined stimulus, in this
embodiment a swollen stimulus sensitive gel 820 is contained
in only the second compartment 804. And prior to exposure of
the stimulus indicating device 800 to a predetermined stimu-
lus, the color changing absorbent material 807 is a first color,
visible through the indicator window 812 or display portion
812.

Both the backing layer 825 and the upper layer 826 may be
constructed of a strong, resilient leak-proof material, such as
plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
the stimulus sensitive product without tearing, breaking or
leaking. The backing layer 825 and the upper layer 826 may
also be made of a material that preferably allows them to be
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joined and sealed together, such as by heat stamping or other
suitable means. The backing layer 825 and the upper layer
826 can both approximate the length and width of the first
compartment 802 plus the length and width of the second
compartment 804, although variations in these dimensions
are within the scope of the present invention. The upper layer
826 can preferably be made of a clear material, such as
plastic, so that the user of the stimulus indicating device 800
can view at least some portion of the backing material or color
changing absorbent material 807. The upper layer 826 can
also be able to accept paint or ink so as to allow for coloring
or concealing at least some portion of the first compartment
802.

Although some portion of the upper layer 826 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 812 portion of the upper layer 826 remains free
from ink or coloring so that the user of the stimulus indicating
device 800 can observe the first compartment 802 through the
indicator window 812 as explained herein. The backing layer
825 should also be able to accept paste, glue or other suitable
adhesive on the surface not facing the first compartment 802,
so as to allow it to be directly or indirectly attached to a
stimulus sensitive product.

By way of example only, the color changing absorbent
material 807 could be divalent cation indicator paper, litmus
paper or any equivalent absorbent material that is reactive to
a certain ion, element or similar substance. In regard to all the
embodiments of the stimulus indicating device discussed
herein being “reactive,” what is meant is that the color chang-
ing absorbent material 807 should change its observable
properties (by way of example only, its size, its color, etc.) in
reaction to coming into contact with the constituent parts 811
expelled from the swollen stimulus sensitive gel 810 as
described herein. Thus it is important that the color changing
absorbent material 807 has both an affinity for the expelled
liquid 815 and constituent parts 811 previously contained in,
and expelled from, the swollen stimulus sensitive gel 810; and
that at least a portion of the color changing absorbent material
807 changes properties upon coming into contact with the
expelled liquid 815 and constituent parts 811, so as to change
from a first color to a second color. Preferably the color
changing absorbent material 807 can operate in a semi-quan-
titative capacity.

In this alternative embodiment, the color changing absor-
bent material 807 is a divalent cationic paper thatis reactive to
constituent parts 811 such as by way of example only, divalent
cations (by way of example only, Mg>* or Ca**). As discussed
herein, a suitable color changing absorbent material 807, such
as a total-hardness indicator paper or test stick will indicate a
change from a first color 813 to a second color 817 upon
exposure to constituent parts 811 carried by the expelled
liquid 815 after both are expelled from the swollen stimulus
sensitive gel 810. Examples of such divalent cationic paper
that can be used as the color changing absorbent material 807
includes a total-hardness indicator paper or test stick that is
available from Sigma-Aldrich under the tradename
QUANTOFIX®, is manufactured by Macherey-Nagel under
the tradename Aquadur®, and that changes color from blue to
red upon coming into contact with expelled liquid 815 con-
taining the constituent parts 811 (by way of example only,
Mg** or Ca®*). Preferably the color changing absorbent
material 807 operates in at least a semi-quantitative capacity.

As discussed herein, one method for incorporating the
constituent parts 811 that are reactive with the color changing
absorbent material 807 is to swell the swollen stimulus sen-
sitive gel 810 in a bath containing constituent parts 811 that
are specifically reactive with the selected color changing
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absorbent material 807, including by way of example only,
divalent cation salts (by way of example only, Mg>* or Ca**
salts), and/or varying concentrations of H".

In this alternative embodiment, as the swollen stimulus
sensitive gel 810 undergoes its phase transition in reaction to
exposure to a predetermined stimulus, its volume changes by
collapsing or shrinking due at least to a portion of the liquid
814 and constituent parts 811 (by way of example only, Mg>*)
contained in the polymer network of the swollen stimulus
sensitive gel 810 being expelled. As the swollen stimulus
sensitive gel 810 expels even a portion of the liquid 814 and
the constituent parts 811, it collapses and shrinks so that it
resembles the shrunken stimulus sensitive gel 820 shown in
FIG. 8B. Once a portion of the liquid 814 and the constituent
parts 811 are expelled from the swollen stimulus sensitive gel
810, the expelled liquid 815 and the expelled constituent parts
811 subsequently come into contact with and are absorbed by
the color changing absorbent material 807.

Once the liquid 814 and the constituent parts 811 are
expelled from the swollen stimulus sensitive gel 810, they
pass through the permeable membrane 830 of the stimulus
indicating device 800, they come into contact with and are
absorbed by the color changing absorbent material 807.
Because of the design of the color changing absorbent mate-
rial 807, as the constituent parts 811 are absorbed by the color
changing absorbent material 807, the color changing absor-
bent material 807 changes from a first color 813 to a second
color 817 due to the reaction between chemical moieties on
the color changing absorbent material 807 and the constituent
parts 811 carried by the expelled liquid 815. Because of the
design of the color changing absorbent material 807, at least
part of the color changing absorbent material 807, and pref-
erably all of the color changing absorbent material 807, will
change from a first color 813 to a second color 817 upon
coming into contact with the constituent parts 811.

Moreover, upon being absorbed by the color changing
absorbent material 807, the constituent parts 811 are perma-
nently bound to the color changing absorbent material 807
thereafter. Thus, even if the predetermined stimulus is
removed and the expelled liquid 815 is subsequently reab-
sorbed by the shrunken stimulus sensitive gel 820 so as to
become a partially or fully re-swollen stimulus sensitive gel
810, those constituent parts 811 remain bound to or trapped in
the color changing absorbent material 807, and thus that color
changing absorbent material 807 permanently remains col-
ored the second color 817.

It should be noted that by manipulating the permeability of
the permeable membrane 830 connecting the first compart-
ment 802 to the second compartment 804, the time required
for expelled liquid 815 to move from the second compartment
804 into the first compartment 802 can be varied. Such
manipulation of the permeable membrane 830 includes
increasing or decreasing its thickness and/or increasing or
decreasing its surface area facing the first compartment 802
and/or second compartment 804 and/or increasing or decreas-
ing its wicking ability, so as to control the speed at which the
expelled liquid 815 and the constituent parts 811 travel from
the second compartment 804, through the permeable mem-
brane 830, and enter the first compartment 802.

An advantage of using such an embodiment of the stimulus
indicating device 800 is that both the exposure to a predeter-
mined stimulus as well as the time of exposure can be indi-
cated. As an example, if the predetermined stimulus occurs
for just a short period of time, and is removed before the
expelled liquid 815 and constituent parts 811 have completely
moved from the second compartment 804 through the perme-
able membrane 830 and into the first compartment 802, then
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the expelled liquid 815 and constituent parts 811 will be
wicked or drawn back into the second compartment 804 by
the shrunken stimulus sensitive gel 820 as the shrunken
stimulus sensitive gel 820 re-expands or swells as a result of
simply removing the predetermined stimulus. The reason this
happens is because the permeable membrane 830 allows the
expelled liquid and expelled constituent parts to pass into
both directions. And so in this case, no irreversible indication
of exposure to the predetermined stimulus will be indicated
by color changing absorbent material 807 because the time of
exposure to the predetermined stimulus was too brief to
enable enough expelled liquid 815 and enough constituent
parts 811 to pass completely through the permeable mem-
brane 830, react with the color changing absorbent material
807, and cause it to change from a first color 813 to a second
color 817.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 810 to collapse or shrink entirely in
order for the color change in the color changing absorbent
material 807 to be visible to the user. Instead, even if a portion
of'the color changing absorbent material 807 changes color so
as to be visible to the user through the indicator window 812,
that is enough to signal to the user that the product attached to
the stimulus indicating device 800 had been exposed to a
potentially harmful stimulus. More specifically, although the
decrease in volume of the swollen stimulus sensitive gel 810
in all of the embodiments of the stimulus indicating device
800 discussed herein can be by any amount so long as it is
registerable, preferably the decrease in volume of the swollen
stimulus sensitive gel 810 would be between at least a Y10
reduction in original volume, and up to a 500 times decrease
in original volume. In regard to all embodiments ofthe stimu-
lus indicating device 800 discussed herein as they pertain to
the decrease in the volume being “registerable” what is meant
is that the volume change ofthe swollen stimulus sensitive gel
810 expels enough liquid 814 and constituent parts 811 from
the swollen stimulus sensitive gel 810 to cause the swollen
stimulus sensitive gel 810 to collapse or shrink enough so that
it permanently causes at least a partial color change in the
color changing absorbent material 807 from a first color 813
to asecond color 817 (e.g., a change in color from a first color
to a second color) or indication (e.g., a portion of the color
changing absorbent material 807 contains a glyph, such as an
“X” or “skull and cross bones” that is revealed because of a
color change) occurs in the stimulus indicating device 800,
and is visible via the indicator window 812, and indicates to
the user that the product had been exposed to a predetermined
stimulus.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future. In an alternative of
this embodiment with a permeable membrane 830, the color
changing absorbent material 807 could be pH-indicator strips
manufactured by EMD Chemicals Inc. These pH-indicator
strips can react to and indicate exposure to constituent parts
811 such as and by way of example only, H* ion, by perma-
nently changing from a first color 813 to a second color 817.
Preferably the pH-indicator strips are manufactured in such a
way that there is a noticeable spectrum of colors that match
the range of possible pH concentrations. For example, the first
color 813 of the color changing absorbent material 807 could
be colored red prior to the stimulus indicating device 800
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being exposed to a predetermined stimulus. Then upon expo-
sure to the predetermined stimulus, the swollen stimulus sen-
sitive gel 810 would expel liquid 814 and constituent parts
811 (by way of example only H"*) which, upon contact with
the color changing absorbent material 807, causes the color
changing absorbent material 807 to change to a second color
817, such as blue. Altering the pH of the expelled liquid 815
and the content of the constituent parts 811 (by way of
example only H*) will allow the first color 813 and second
color 817 of the color changing absorbent material 807 to be
manipulated. For example, if the swollen stimulus sensitive
gel 810 was manufactured so that it was swollen with an
aqueous solution of either high pH (for example a pH of 14),
or low pH (for example a pH of 1), the most significant color
contrast can be achieved between the first color 813 and
second color 817 of the color changing absorbent material
807.

As shown in FIG. 8A and discussed herein, this embodi-
ment of the irreversible stimulus indicating device 800 would
have at least two compartments 802 and 804. In this alterna-
tive embodiment the color changing absorbent material 807 is
preferably located within the first compartment 802 and is
positioned below the indicator window 812, so that at least a
portion of the color changing absorbent material 807 can be
seen through the indicator window 812. Preferably the swol-
len stimulus sensitive gel 810 is located in the second com-
partment 804 and is kept separate from the color changing
absorbent material 807 by the permeable membrane 830.
Although the swollen stimulus sensitive gel 810 is preferably
hidden from the user below the paint applied to the top portion
816 of the stimulus sensitive device 800, it could also be
visible to the user. If the swollen stimulus sensitive device 800
were visible to the user, it is preferred that it be the same color
as the color changing absorbent material 807 prior to the color
changing absorbent material 807 coming into contact with the
constituent parts 811.

Ifthe color changing absorbent material 807 has the ability
to wick liquid 814 and/or constituent parts 811 from the
swollen stimulus sensitive gel 810 simply by the color chang-
ing absorbent material 807 being in contact with the swollen
sensitive gel 810, then it is preferred that the permeable mem-
brane 830 be used to keep the color changing absorbent
material 807 and the swollen stimulus sensitive gel 810 physi-
cally apart from each other. Thus, in this alternative embodi-
ment the swollen stimulus sensitive gel 810 is physically
separated from the color changing absorbent material 807 by
the permeable membrane 830 to prevent the liquid 814 and
the constituent parts 811 contained in the swollen stimulus
sensitive gel 810 from being wicked into the color changing
absorbent material 807. Doing so prevents the stimulus sen-
sitive device 800 from giving a false indication of exposure to
a predetermined stimulus.

Although employing an embodiment with a permeable
membrane 830 reduces, or depending on the size of the
shrunken stimulus sensitive gel 820, eliminates the need for
attaching or securing the stimulus sensitive gel 810 and 820
within the stimulus indicating device 800, it may still be
preferable for the stimulus sensitive gel 810 and 820 to be
fixed or secured at the attachment point 818 in the second
compartment 804, or at more than one attachment point if
desired. Preferably, the stimulus sensitive gel 810 and 820
would be fixed or secured at the attachment point 818, or at
more than one attachment point if desired. The stimulus sen-
sitive gel 810 and 820 may be fixed to the attachment point
818 with a suitable epoxy, glue, or it could be heat stamped
upon creation of the stimulus indicating device 800. Attach-
ing the stimulus sensitive gel 810 and 820 to the attachment
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point 818 helps to ensure that the stimulus sensitive gel 810
and 820 collapses or shrinks in a desired direction—prefer-
ably away from the color changing absorbent material 807
and the indicator window 812. Moreover, by securing or
fixing the stimulus sensitive gel 810 and 820 to the attachment
point ensures that the stimulus sensitive gel 810 and 820 does
not cover the color changing absorbent material 807 after it
had changed from a first color to a second color. Securing or
fixing the stimulus sensitive gel 810 and 820 to the attachment
point 818 prevents the stimulus sensitive gel 810 and 820
from floating or moving within the compartment and cover-
ing up the color changing absorbent material 807 at all times.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
810 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 810 and 820 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 810 of this preferred embodiment could trigger or undergo
its phase transition upon exposure to a predetermined stimu-
lus such as a predetermined pH level, or the swollen stimulus
sensitive gel 810 of this preferred embodiment could trigger
or undergo its phase transition upon exposure to a predeter-
mined level of electromagnetic radiation.

All embodiments discussed herein of the stimulus indicat-
ing device 800 containing the swollen stimulus sensitive gel
810 and the shrunken stimulus sensitive gel 820 may be based
on any type of stimulus sensitive gel that undergoes a phase
transition upon exposure of the stimulus sensitive gel to a
predetermined stimulus. The preferred types of stimulus sen-
sitive gels include poly(acrylamide-co-acrylic acid) (PAAm-
co-AA) gel, a poly(acrylamide-co-sodium vinyl acrylate)
(PAAm-co-SVA) gel, and/or its variations such as Poly(N-
isopropylacrylamide) (PNIPAAm) gels, and/or their deriva-
tives. As is known in the art, such stimulus sensitive gels
and/or other equivalent gels and/or their derivatives, undergo
a significant change in volume in response to a range of
stimuli, including temperature, solvent composition, pH,
ionic strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 810 and 820 used
in all the embodiments of the stimulus indicating device 800
discussed herein can be selected so as to correlate to a specific
situation. For example, one of ordinary skill will appreciate
and understand that if the stimulus sensitive gel in this
embodiment is swollen at the beginning of'its use as it under-
goes its phase transition, it will collapse or shrink, thereby
causing a change in color or indication in the stimulus indi-
cator 800. Alternatively, the stimulus sensitive gel could start
out collapsed or shrunken, but upon exposure to its predeter-
mined stimulus it would permanently expand or swell and
cause a change in color or indication in the stimulus indicator
100. By way of example only and as disclosed herein and in
prior applications, a stimulus sensitive gel 810 and 820 can be
of the “Upper Critical Solution Temperature” or UCST type
gel, orcan be of the “Lower Critical Solution Temperature” or
LCST type gel. As one of ordinary skill in the art will appre-
ciate, a UCST type stimulus sensitive gel, such as PAAm-co-
SVA gels, could be used when one wishes to have an initially
swollen stimulus sensitive gel collapse or shrink when cooled
below a predetermined or trigger temperature and thereby: 1)
reveal an indicator spot; or ii) expel liquid and/or constituent
parts, both of which result in the stimulus indicating device
exhibiting a change in color or indication. A UCST type gel
could also be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
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heated beyond a predetermined stimulus, and thereby: 1)
cover an indicator spot; or ii) collect liquid and/or constituent
parts, both of which result in the stimulus indicating device
exhibiting a change in color or indication. Alternatively, an
LCST type stimulus sensitive gel, such as PNIPAAm gels,
could be used when one wishes to have an initially swollen
stimulus sensitive gel collapse or shrink when heated above a
predetermined or trigger temperature and thereby: i) reveal an
indicator spot; orii) expel liquid and/or constituent parts, both
of which result in the stimulus indicating device exhibiting a
change in color or indication. An LCST type gel could also be
used when one wishes to have an initially shrunken stimulus
sensitive gel expand or swell when it is cooled below a pre-
determined stimulus, and thereby: 1) cover an indicator spot;
or ii) collect liquid and/or constituent parts, both of which
result in the stimulus indicating device exhibiting a change in
color or indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 810 and 820 discussed
herein in regard to all embodiments of the stimulus indicating
device 800 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 810 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 820; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 810), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel 810
and the shrunken stimulus sensitive gel 820 also being of the
LCST type of gel. Moreover, it should be noted that all the
variations of the different embodiments discussed herein can
be combined with the variations of other embodiments
described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 810 and 820 employed in all the
embodiments of the stimulus indicating device 800 discussed
herein were made of UCST type stimulus sensitive gels, it
could be any number of such UCST gels, including: i) 1) an
interpenetrating network of polyacrylamide (PAAm) and
polyacrylic acid (PAAc) or IPN-PAAm-PAAc; or ii) Acryla-
mide copolymerized with sodium vinyl acrylate (SVA) gel to
result in the creation of PAAm-co-SVA gel; or iii) their deri-
vates, and as described in Tanaka, “Gels,” Scientific Ameri-
can 244 (1981) at 124-138 and Tanaka, “Phase Transitions in
Ionic Gels,” Physical Review Letters 45 (1980) at 1636-1639,
the predetermined “trigger” stimulus at which a UCST gel
undergoes its phase transition, and thereby expels the liquid
814 and constituent parts 811 and thus collapses or shrinks in
volume, can be “tuned” to a particular value by changing the
solvent trapped in the gel polymer matrix in addition to intro-
ducing salts, surfactants, or other substances to the gel matrix.
Such “tuning” in regard to UCST type gels is discussed herein
and in U.S. Pat. No. 5,100,933. Similarly, if the stimulus
sensitive gel 810 and 820 employed in all the embodiments of
the stimulus indicating device 800 discussed herein were
made of LSCT type stimulus sensitive gels, it could be any
number of such LCST gels, including PNIPAAm gels, and as
described in U.S. Pat. No. 4,732,930 in regard to PNIPAAm
LCST type gels, the predetermined stimulus, such as tem-
perature at which a stimulus sensitive gel 810 and 820 under-
goes its phase transition and changes volume, can be “tuned”
to a particular value by adding salts, surfactants, or other
substances to the gel matrix. Explanations of how the transi-
tion temperature of an LCST gel can be tuned can be found in
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the following references: Zhang et al., “Specific lon Effects
on the Water Solubility of Macromolecules: PNIPAM and the
Hofmeister Series” Journal of the American Chemical Soci-
ety volume 127 at 14505 to 14510 and Park et al., “Sodium
Chloride-Induced Phase Transition in Nonionic Poly(N-iso-
propylacrylamide) Gel” Macromolecules volume 26 at 5045
to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 810 and 820, and thus the corresponding expul-
sion of liquid 814 and constituent parts 811 can be insignifi-
cant or it can be dramatic. If the desired visual indication as
the result of the swollen stimulus sensitive gel 810 expelling
its liquid 814 and its constituent parts 811 is to cause most or
all of the color changing absorbent material 807 to turn a
second color, then a large change in volume is preferred.

8. Embodiments with Two Compartments with
Semi-Permeable Membrane and Absorbent Material

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 9A through FIG. 9C as well as FIG.
2A through FIG. 2F, an alternative embodiment of the inven-
tive stimulus indicating device could be a multi-compartment
device 900 could be used to keep the color changing absor-
bent material 907 and the liquid 914 and constituent parts 911
contained in the swollen stimulus sensitive gel 910, separate
from each other, and preferably it does not contain the liquid
bath of the preferred embodiment. More specifically, as
shown in FIG. 9A and FIG. 9C, the color changing absorbent
material 907 is in the first compartment 902 and can be
viewed through an indicator window 912. The swollen stimu-
lus sensitive gel 910 is in the second compartment 904.
Although this embodiment is described in terms of the stimu-
lus sensitive gel preferably being swollen initially, as dis-
cussed herein in regard to stimulus sensitive gels, one of
ordinary skill in the art would appreciate that the same inven-
tion can be achieved with an initially shrunken stimulus sen-
sitive gel that draws out constituent parts from the color
changing absorbent material and uses them to expand or swell
upon exposure to a predetermined stimulus so as to resultin a
color change.

The first compartment 902 and the second compartment
904 are formed by the backing layer 925 on the bottom of the
stimulus indicating device 900 and an upper layer 926 on the
top of the stimulus indicating device 900. The first compart-
ment 902 and the second compartment 904 are additionally
formed and differentiated from one another by a semi-perme-
able membrane 931. The semi-permeable membrane 931 is
designed to allow the expelled liquid 915 and constituent
parts 911 to pass from the second compartment 904 into the
first compartment 902, but as explained herein, only allow the
expelled liquid 915 to return to the second compartment 904
from the first compartment 902, thereby trapping the constitu-
ent parts 911 in the first compartment 902.

Alternatively, as shown in FIG. 9C an alternate embodi-
ment could position the first compartment 902 above the
second compartment 904 separated by the permeable mem-
brane 930. Other shapes are contemplated within the scope of
the invention as previously described in prior applications.

Prior to exposure to a predetermined stimulus, in this
embodiment a swollen stimulus sensitive gel 920 is contained
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in only the second compartment 904. And prior to exposure of
the stimulus indicating device 900 to a predetermined stimu-
lus, the color changing absorbent material 907 is a first color,
visible through the indicator window 912 or display portion
912.

Both the backing layer 925 and the upper layer 926 may be
constructed of a strong, resilient leak-proof material, such as
plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
the stimulus sensitive product without tearing, breaking or
leaking. The backing layer 925 and the upper layer 926 may
also be made of a material that preferably allows them to be
joined and sealed together, such as by heat stamping or other
suitable means. The backing layer 925 and the upper layer
926 can both approximate the length and width of the first
compartment 902 plus the length and width of the second
compartment 904, although variations in these dimensions
are within the scope of the present invention. The upper layer
926 can preferably be made of a clear material, such as
plastic, so that the user of the stimulus indicating device 900
can view at least some portion of the backing material or color
changing absorbent material 907. The upper layer 926 can
also be able to accept paint or ink so as to allow for coloring
or concealing at least some portion of the first compartment
902.

Although some portion of the upper layer 926 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 912 portion of the upper layer 926 remains free
from ink or coloring so that the user of the stimulus indicating
device 900 can observe the first compartment 902 through the
indicator window 912 as explained herein. The backing layer
925 should also be able to accept paste, glue or other suitable
adhesive on the surface not facing the first compartment 902,
so as to allow it to be directly or indirectly attached to a
stimulus sensitive product.

By way of example only, the color changing absorbent
material 907 could be divalent cation indicator paper, litmus
paper or any equivalent absorbent material that is reactive to
acertain ion, element or similar substance. In regard to all the
embodiments of the stimulus indicating device discussed
herein being “reactive,” what is meant is that the color chang-
ing absorbent material 907 should change its observable
properties (by way of example only, its size, its color, etc.) in
reaction to coming into contact with the constituent parts 911
expelled from the swollen stimulus sensitive gel 910 as
described herein. Thus it is important that the color changing
absorbent material 907 has both an affinity for the expelled
liquid 915 and constituent parts 911 previously contained in,
and expelled from, the swollen stimulus sensitive gel 910; and
that at least a portion of the color changing absorbent material
907 changes properties upon coming into contact with the
expelled liquid 915 and constituent parts 911, so as to change
from a first color to a second color. Preferably the color
changing absorbent material 907 can operate in a semi-quan-
titative capacity.

In this alternative embodiment, the color changing absor-
bent material 907 is a divalent cationic paper that is reactive to
constituent parts 911 such as by way of example only, divalent
cations (by way of example only, Mg>* or Ca®*). As discussed
herein, a suitable color changing absorbent material 907, such
as a total-hardness indicator paper or test stick will indicate a
change from a first color 913 to a second color 917 upon
exposure to constituent parts 911 carried by the expelled
liquid 915 after both are expelled from the swollen stimulus
sensitive gel 910. Examples of such divalent cationic paper
that can be used as the color changing absorbent material 907
includes a total-hardness indicator paper or test stick that is
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available from Sigma-Aldrich under the tradename
QUANTOFIX®, is manufactured by Macherey-Nagel under
the tradename Aquadur®, and that changes color from blue to
red upon coming into contact with expelled liquid 915 con-
taining the constituent parts 911 (by way of example only,
Mg* or Ca®*). Preferably the color changing absorbent
material 907 operates in at least a semi-quantitative capacity.

As discussed herein, one method for incorporating the
constituent parts 911 that are reactive with the color changing
absorbent material 907 is to swell the swollen stimulus sen-
sitive gel 910 in a bath containing constituent parts 911 that
are specifically reactive with the selected color changing
absorbent material 907, including by way of example only,
divalent cation salts (by way of example only, Mg>* or Ca**
salts), and/or varying concentrations of H*.

In this alternative embodiment, as the swollen stimulus
sensitive gel 910 undergoes its phase transition in reaction to
exposure to a predetermined stimulus, its volume changes by
collapsing or shrinking due at least to a portion of the liquid
914 and constituent parts 911 (by way of example only, Mg*)
contained in the polymer network of the swollen stimulus
sensitive gel 910 being expelled. As the swollen stimulus
sensitive gel 910 expels even a portion of the liquid 914 and
the constituent parts 911, it collapses and shrinks so that it
resembles the shrunken stimulus sensitive gel 920 shown in
FIG. 9. Once a portion of the liquid 914 and the constituent
parts 911 are expelled from the swollen stimulus sensitive gel
910, the expelled liquid 915 and the expelled constituent parts
911 subsequently come into contact with and are absorbed by
the color changing absorbent material 907.

Once the liquid 914 and the constituent parts 911 are
expelled from the swollen stimulus sensitive gel 910, they
pass through the semi-permeable membrane 931 of the stimu-
lus indicating device 900, they come into contact with and are
absorbed by the color changing absorbent material 907.
Because of the design of the color changing absorbent mate-
rial 907, as the constituent parts 911 are absorbed by the color
changing absorbent material 907, the color changing absor-
bent material 907 changes from a first color 913 to a second
color 917 due to the reaction between chemical moieties on
the color changing absorbent material 907 and the constituent
parts 911 carried by the expelled liquid 915. Because of the
design of the color changing absorbent material 907, at least
part of the color changing absorbent material 907, and pref-
erably all of the color changing absorbent material 907, will
change from a first color 913 to a second color 917 upon
coming into contact with the constituent parts 911.

Moreover, upon being absorbed by the color changing
absorbent material 907, the constituent parts 911 are perma-
nently bound to the color changing absorbent material 907
thereafter. Thus, even if the predetermined stimulus is
removed and the expelled liquid 915 is subsequently reab-
sorbed by the shrunken stimulus sensitive gel 920 so as to
become a partially or fully re-swollen stimulus sensitive gel
910, those constituent parts 911 remain bound to or trapped in
the color changing absorbent material 907, and thus that color
changing absorbent material 907 permanently remains col-
ored the second color 917.

It should be noted that by manipulating the permeability of
the semi-permeable membrane 931 connecting the first com-
partment 902 to the second compartment 904, the time
required for the expelled liquid 915 to move from the second
compartment 904 into the first compartment 902 can b varied.
Such manipulation of the semi-permeable membrane 931
includes increasing or decreasing its thickness and/or increas-
ing or decreasing its surface area facing the first compartment
902 and/or second compartment 904 and/or increasing or
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decreasing its wicking ability, so as to control the speed at
which the expelled liquid 915 and the constituent parts 911
travel from the second compartment 904, through the semi-
permeable membrane 931, and enter the first compartment
902.

There is a difference between the permeable membrane
930 discussed herein and the semi-permeable membrane 931
discussed herein that needs to be appreciated. The permeable
membrane 930 allows the expelled liquid 915 and constituent
parts 911 to repeatedly travel freely from the second compart-
ment 904 into the first compartment 902, and then back again
into the second compartment 904. In comparison, the semi-
permeable membrane 931 would preferably be designed so
that it not only allows the constituent parts 911 (by way of
example only, the Mg**) contained in the expelled liquid 915
to pass from the at least second compartment 904 into the first
compartment 902, but it would prevent the constituent parts
911 (by way of example only, the Mg*) from passing back
into the at least second compartment 904 from the first com-
partment 902. The semi-permeable membrane 931 could also
prohibit the expelled liquid 915 from traveling back into the
second compartment 904, but doing so is not as important as
trapping the constituent parts 911 in the first compartment
902.

An advantage of using such an embodiment of the stimulus
indicating device 900 is that both the exposure to a predeter-
mined stimulus as well as the time of exposure can be indi-
cated. As an example, if the predetermined stimulus occurs
for just a short period of time, and is removed before the
expelled liquid 915 and constituent parts 911 have completely
moved from the second compartment 904 through the semi-
permeable membrane 931 and into the first compartment 902,
semi-permeable membrane 931 will not allow the expelled
liquid 915 and constituent parts 911 to be wicked or drawn
back into the second compartment 904 by the shrunken stimu-
lus sensitive gel 920 as the shrunken stimulus sensitive gel
920 re-expands or swells as a result of the predetermined
stimulus being removed.

The reason this happens is because the semi-permeable
membrane 931 does not allow the expelled liquid 915 and
expelled constituent parts 911 to pass in both directions. And
so in this case, an irreversible indication of exposure to the
predetermined stimulus will be indicated by color changing
absorbent material 907, even though the entire amount of
constituent parts 911 did not pass entirely through the semi-
permeable membrane 931, react with the color changing
absorbent material 907, and cause it to change from a first
color 913 to a second color 917.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 910 to collapse or shrink entirely in
order for the color change in the color changing absorbent
material 907 to be visible to the user. Instead, if even a portion
of'the color changing absorbent material 907 changes color so
as to be visible to the user through the indicator window 912,
that is enough to signal to the user that the product attached to
the stimulus indicating device 900 had been exposed to a
potentially harmful stimulus. More specifically, although the
decrease in volume of the swollen stimulus sensitive gel 910
in all of the embodiments of the stimulus indicating device
900 discussed herein can be by any amount so long as it is
registerable, preferably the decrease in volume of the swollen
stimulus sensitive gel 910 would be between at least a %10
reduction in original volume, and up to a 500 times decrease
in original volume. In regard to all embodiments of the stimu-
lus indicating device 900 discussed herein as they pertain to
the decrease in the volume being “registerable” what is meant
is that the volume change of the swollen stimulus sensitive gel
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910 expels enough liquid 914 and constituent parts 911 from
the swollen stimulus sensitive gel 910 to cause the swollen
stimulus sensitive gel 910 to collapse or shrink enough so that
it permanently causes at least a partial color change in the
color changing absorbent material 907 from a first color 913
to asecond color 917 (e.g., a change in color from a first color
to a second color) or indication (e.g., a portion of the color
changing absorbent material 907 contains a glyph, such as an
“X” or “skull and cross bones” that is revealed because of a
color change) occurs in the stimulus indicating device 900,
and is visible via the indicator window 912, and indicates to
the user that the product had been exposed to a predetermined
stimulus.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future.

In an alternative of this embodiment with a permeable
membrane 930, the color changing absorbent material 907
could be pH-indicator strips manufactured by EMD Chemi-
cals Inc. These pH-indicator strips can react to and indicate
exposure to constituent parts 911 such as and by way of
example only, H* ion, by permanently changing from a first
color 913 to a second color 917. Preferably the pH-indicator
strips are manufactured in such a way that there is a noticeable
spectrum of colors that match the range of possible pH con-
centrations. For example, the first color 913 of the color
changing absorbent material 907 could be colored red prior to
the stimulus indicating device 900 being exposed to a prede-
termined stimulus. Then upon exposure to the predetermined
stimulus, the swollen stimulus sensitive gel 910 would expel
liquid 914 and constituent parts 911 (by way of example only
H*) which, upon contact with the color changing absorbent
material 907, causes the color changing absorbent material
907 to change to asecond color 917, such as blue. Altering the
pH of the expelled liquid 915 and the content of the constitu-
ent parts 911 (by way of example only H") will allow the first
color 913 and second color 917 of the color changing absor-
bent material 907 to be manipulated. For example, if the
swollen stimulus sensitive gel 910 was manufactured so that
it was swollen with an aqueous solution of either high pH (for
example a pH of 14), or low pH (for example a pH of 1), the
most significant color contrast can be achieved between the
first color 913 and second color 917 of the color changing
absorbent material 907.

As shown in FIG. 9A and discussed herein, this embodi-
ment of the irreversible stimulus indicating device 900 would
have at least two compartments 902 and 904. In this alterna-
tive embodiment the color changing absorbent material 907 is
preferably located within the first compartment 902 and is
positioned below the indicator window 912, so that at least a
portion of the color changing absorbent material 907 can be
seen through the indicator window 12. Preferably the swollen
stimulus sensitive gel 910 is located in the second compart-
ment 904 and is kept separate from the color changing absor-
bent material 907 by the semi-permeable membrane 931.
Although the swollen stimulus sensitive gel 910 is preferably
hidden from the user below the paint applied to the top portion
916 of the stimulus sensitive device 900, it could also be
visible to the user. If the swollen stimulus sensitive gel 910
were visible to the user, it is preferred that it be the same color
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as the color changing absorbent material 907 prior to the color
changing absorbent material 907 coming into contact with the
constituent parts 911.

Ifthe color changing absorbent material 907 has the ability
to wick liquid 914 and/or constituent parts 911 from the
swollen stimulus sensitive gel 910 simply by the color chang-
ing absorbent material 907 being in contact with the swollen
sensitive gel 910, then it is preferred that the permeable mem-
brane 930 be used to keep the color changing absorbent
material 907 and the swollen stimulus sensitive gel 910 physi-
cally apart from each other. Thus, in this alternative embodi-
ment the swollen stimulus sensitive gel 910 is physically
separated from the color changing absorbent material 907 by
the permeable membrane 930 to prevent the liquid 914 and
the constituent parts 911 contained in the swollen stimulus
sensitive gel 910 from being wicked into the color changing
absorbent material 907. Doing so prevents the stimulus sen-
sitive device 900 from giving a false indication of exposure to
a predetermined stimulus.

Although employing an embodiment with a semi-perme-
able membrane 930 reduces, or depending on the size of the
shrunken stimulus sensitive gel 920, eliminates the need for
attaching or securing the stimulus sensitive gel 910 and 920
within the stimulus indicating device 900, it may still be
preferable for the stimulus sensitive gel 910 and 920 to be
fixed or secured at the attachment point 918 in the second
compartment 904, or at more than one attachment point if
desired. Preferably, the stimulus sensitive gel 910 and 920
would be fixed or secured at the attachment point 918, or at
more than one attachment point if desired. The stimulus sen-
sitive gel 910 and 920 may be fixed to the attachment point
918 with a suitable epoxy, glue, or it could be heat stamped
upon creation of the stimulus indicating device 900. Attach-
ing the stimulus sensitive gel 910 and 920 to the attachment
point 918 helps to ensure that the stimulus sensitive gel 910
and 920 collapses or shrinks in a desired direction—prefer-
ably away from the color changing absorbent material 907
and the indicator window 912. Moreover, by securing or
fixing the stimulus sensitive gel 910 and 920 to the attachment
point ensures that the stimulus sensitive gel 910 and 920 does
not cover the color changing absorbent material 907 after it
had changed from a first color to a second color. Securing or
fixing the stimulus sensitive gel 910 and 920 to the attachment
point 918 prevents the stimulus sensitive gel 910 and 920
from floating or moving within the compartment and cover-
ing up the color changing absorbent material 907 at all times.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
910 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 910 and 920 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 910 of this preferred embodiment could trigger or undergo
its phase transition upon exposure to a predetermined stimu-
lus such as a predetermined pH level, or the swollen stimulus
sensitive gel 910 of this preferred embodiment could trigger
or undergo its phase transition upon exposure to a predeter-
mined level of electromagnetic radiation.

All embodiments discussed herein of the stimulus indicat-
ing device 900 containing the swollen stimulus sensitive gel
910 and the shrunken stimulus sensitive gel 920 may be based
on any type of stimulus sensitive gel that undergoes a phase
transition upon exposure of the stimulus sensitive gel to a
predetermined stimulus. The preferred types of stimulus sen-
sitive gels include poly(acrylamide-co-acrylic acid) (PAAm-
co-AA) gel, a poly(acrylamide-co-sodium vinyl acrylate)
(PAAm-co-SVA) gel, and/or its variations such as Poly(N-
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isopropylacrylamide) (PNIPAAm) gels, and/or their deriva-
tives. As is known in the art, such stimulus sensitive gels
and/or other equivalent gels and/or their derivatives, undergo
a significant change in volume in response to a range of
stimuli, including temperature, solvent composition, pH,
ionic strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 910 and 920 used
in all the embodiments of the stimulus indicating device 900
discussed herein can be selected so as to correlate to a specific
situation. For example, one of ordinary skill will appreciate
and understand that if the stimulus sensitive gel in this
embodiment is swollen at the beginning of'its use as it under-
goes its phase transition, it will collapse or shrink, thereby
causing a change in color or indication in the stimulus indi-
cator 900. Alternatively, the stimulus sensitive gel could start
out collapsed or shrunken, but upon exposure to its predeter-
mined stimulus it would permanently expand or swell and
cause a change in color or indication in the stimulus indicator
100. By way of example only and as disclosed herein and in
prior applications, a stimulus sensitive gel 910 and 920 can be
of the “Upper Critical Solution Temperature” or UCST type
gel, orcan be of the “Lower Critical Solution Temperature” or
LCST type gel. As one of ordinary skill in the art will appre-
ciate, a UCST type stimulus sensitive gel, such as PAAm-co-
SVA gels, could be used when one wishes to have an initially
swollen stimulus sensitive gel collapse or shrink when cooled
below a predetermined or trigger temperature and thereby: 1)
reveal an indicator spot; or ii) expel liquid and/or constituent
parts, both of which result in the stimulus indicating device
exhibiting a change in color or indication. A UCST type gel
could also be used when one wishes to have an initially
shrunken stimulus sensitive gel expand or swell when it is
heated beyond a predetermined stimulus, and thereby: i)
cover an indicator spot; or ii) collect liquid and/or constituent
parts, both of which result in the stimulus indicating device
exhibiting a change in color or indication. Alternatively, an
LCST type stimulus sensitive gel, such as PNIPAAm gels,
could be used when one wishes to have an initially swollen
stimulus sensitive gel collapse or shrink when heated above a
predetermined or trigger temperature and thereby: i) reveal an
indicator spot; orii) expel liquid and/or constituent parts, both
of which result in the stimulus indicating device exhibiting a
change in color or indication. An LCST type gel could also be
used when one wishes to have an initially shrunken stimulus
sensitive gel expand or swell when it is cooled below a pre-
determined stimulus, and thereby: 1) cover an indicator spot;
or ii) collect liquid and/or constituent parts, both of which
result in the stimulus indicating device exhibiting a change in
color or indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 910 and 920 discussed
herein in regard to all embodiments of the stimulus indicating
device 900 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 910 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 920; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 910), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel 910
and the shrunken stimulus sensitive gel 920 also being of the
LCST type of gel. Moreover, it should be noted that all the
variations of the different embodiments discussed herein can
be combined with the variations of other embodiments
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described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 910 and 920 employed in all the
embodiments of the stimulus indicating device 900 discussed
herein were made of UCST type stimulus sensitive gels, it
could be any number of such UCST gels, including: i) an
interpenetrating network of polyacrylamide (PAAm) and
polyacrylic acid (PAAc) or IPN-PAAm-PAAc; or ii) Acryla-
mide copolymerized with sodium vinyl acrylate (SVA) gel to
result in the creation of PAAm-co-SVA gel; or iii) their deri-
vates, and as described in Tanaka, “Gels,” Scientific Ameri-
can 244 (1981) at 124-138 and Tanaka, “Phase Transitions in
Ionic Gels,” Physical Review Letters 45 (1980) at 1636-1639,
the predetermined “trigger” stimulus at which a UCST gel
undergoes its phase transition, and thereby expels the liquid
914 and constituent parts 911 and thus collapses or shrinks in
volume, can be “tuned” to a particular value by changing the
solvent trapped in the gel polymer matrix in addition to intro-
ducing salts, surfactants, or other substances to the gel matrix.
Such “tuning” in regard to UCST type gels is discussed herein
and in U.S. Pat. No. 5,100,933. Similarly, if the stimulus
sensitive gel 910 and 920 employed in all the embodiments of
the stimulus indicating device 900 discussed herein were
made of LSCT type stimulus sensitive gels, it could be any
number of such LCST gels, including PNIPAAm gels, and as
described in U.S. Pat. No. 4,732,930 in regard to PNIPAAm
LCST type gels, the predetermined stimulus, such as tem-
perature at which a stimulus sensitive gel 910 and 920 under-
goes its phase transition and changes volume, can be “tuned”
to a particular value by adding salts, surfactants, or other
substances to the gel matrix. Explanations of how the transi-
tion temperature of an LCST gel can be tuned can be found in
the following references: Zhang et al., “Specific lon Effects
on the Water Solubility of Macromolecules: PNIPAM and the
Hofmeister Series” Journal of the American Chemical Soci-
ety volume 127 at 14505 to 14510 and Park et al., “Sodium
Chloride-Induced Phase Transition in Nonionic Poly(N-iso-
propylacrylamide) Gel” Macromolecules volume 26 at 5045
to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 910 and 920, and thus the corresponding expul-
sion of liquid 914 and constituent parts 911 can be insignifi-
cant or it can be dramatic. If the desired visual indication as
the result of the swollen stimulus sensitive gel 910 expelling
its liquid 914 and its constituent parts 911 is to cause most or
all of the color changing absorbent material 907 to turn a
second color, then a large change in volume is preferred.

9. Embodiments with Absorbent Material as the
Permeable or Semi-Permeable Membrane

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 10A through FIG. 10C as well as
FIG. 2A through FIG. 2F, in an alternative embodiment of the
inventive stimulus indicating device 1000 the semi-perme-
able membrane 1033 could act as the color changing absor-
bent material in that its wicking ability could be set so as to
allow the expelled liquid 1015 and constituent parts 1011 to
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not only migrate through it at a controlled pace, but to signal
exposure to a predetermined stimulus by having the semi-
permeable membrane 1033 change color as well, either due to
reacting to the expelled liquid 1015 or due to reacting to the
constituent parts 1011 or due to absorbing the colored con-
stituent parts 1011 that causes a change in the color of the
semi-permeable membrane 1033 from a first color 1013 to a
second color 1017, even if it is only a partial change in color
as shown in FIG. 10B. An example of such an embodiment,
which is incorporated herein by reference, is U.S. Pat. No.
3,962,920. Although this embodiment is described in terms of
the stimulus sensitive gel preferably being swollen initially,
as discussed herein in regard to stimulus sensitive gels, one of
ordinary skill in the art would appreciate that the same inven-
tion can be achieved with an initially shrunken stimulus sen-
sitive gel that draws out constituent parts from the color
changing absorbent material and uses them to expand or swell
upon exposure to a predetermined stimulus so as to resultin a
color change.

In this alternative embodiment, a device with at least a first
compartment 1002 could contain the color changing absor-
bent material in the form of a semi-permeable membrane
1033. As discussed herein the semi-permeable membrane
1033 only allows the constituent parts 1011 and/or expelled
liquid 1015 to pass in one direction, although other embodi-
ments are envisioned to include aspects or components of
other embodiments discussed herein or in prior applications.

Preferably the semi-permeable membrane 1033 fits snugly
within the at least first component 1002 of the stimulus indi-
cating device 1000 so as to prevent the expelled liquid 1015
and constituent parts 1011 (both of which are expelled from
the swollen stimulus sensitive gel 1010 as it undergoes its
phase transition in response to exposure to a predetermined
stimulus) from passing onto the top of the semi-permeable
membrane 1033 and prematurely turning the semi-permeable
membrane 1033 to its second color 1017. Preferably, the end
of the semi-permeable membrane 1033 that faces away from
the indicator window 1012 will be large enough so as to create
a water-tight seal 650 between the top of the semi-permeable
membrane 1033 with the top portion 1026; and between the
bottom of the semi-permeable membrane 1033 with the back-
ing layer 1025.

As shown in FIG. 10A and FIG. 10B, the color changing
absorbent material 1007 in the at least first compartment 1002
is initially a first color and can be viewed through an indicator
window 1012. The first compartment 1002 is formed by the
backing layer 1025 on the bottom of the stimulus indicating
device 1000 and an upper layer 1026 on the top of the stimulus
indicating device 1000. Preferably the semi-permeable mem-
brane 1033 does not wick the liquid 1014 or the constituent
parts 1011 out of the swollen stimulus sensitive gel 1010;
alternately the semi-permeable membrane 1033 is not in
physical contact with the swollen stimulus sensitive gel 1010
and thus cannot wick the liquid 1014 or the constituent parts
1011 out of the swollen stimulus sensitive gel 1010.

The semi-permeable membrane 1033 in both structures of
this embodiment is designed to allow the expelled liquid 1015
and constituent parts 1011 to migrate through the semi-per-
meable membrane 1033 and in doing so cause the semi-
permeable membrane to change from a first color to a second
color as discussed herein.

Prior to exposure of the stimulus indicating device 1000 to
a predetermined stimulus, the color changing absorbent
material 1007 is a first color 1013, visible through the indi-
cator window 1012 or display portion 1012.

Both the backing layer 1025 and the upper layer 1026 may
be constructed of a strong, resilient leak-proof material, such
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as plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
the stimulus sensitive product without tearing, breaking or
leaking. The backing layer 1025 and the upper layer 1026
may also be made of a material that preferably allows them to
be joined and sealed together, such as by heat stamping or
other suitable means. The backing layer 1025 and the upper
layer 1026 can both approximate the length and width of the
first compartment 1002 plus the length and width of the
second compartment 1004, although variations in these
dimensions are within the scope of the present invention. The
upper layer 1026 can preferably be made of a clear material,
such as plastic, so that the user of the stimulus indicating
device 1000 can view at least some portion of the backing
material or semi-permeable membrane 1033. The upper layer
1026 can also be able to accept paint or ink so as to allow for
coloring or concealing at least some portion of the first com-
partment 1002.

Although some portion of the upper layer 1026 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 1012 portion of the upper layer 1026 remains
free from ink or coloring so that the user of the stimulus
indicating device 1000 can observe the semi-permeable
membrane 1033 through the indicator window 1012 as
explained herein. The backing layer 1025 should also be able
to accept paste, glue or other suitable adhesive on the surface
not facing the first compartment 1002, so as to allow it to be
directly or indirectly attached to a stimulus sensitive product.

By way of example only, the semi-permeable material
1033 (which is equivalent to the color changing absorbent
material discussed herein) could be any material so long as it
is reactive to the constituent parts 1011 expelled from the
swollen stimulus sensitive gel 1010 as it undergoes its phase
transition. In regard to all the embodiments of the stimulus
indicating device discussed herein being “reactive,” what is
meant is that the semi-permeable membrane 1033 should
change its observable properties (by way of example only, its
size, its color, etc.) in reaction to coming into contact with the
constituent parts 1011 expelled from the swollen stimulus
sensitive gel 1010 as described herein. Thus it is important
that the semi-permeable membrane 1033 has both an affinity
for the expelled liquid 1015 and constituent parts 1011 pre-
viously contained in, and expelled from, the swollen stimulus
sensitive gel 1010; and that at least a portion of the semi-
permeable membrane 1033 changes properties upon coming
into contact with the expelled liquid 1015 and constituent
parts 1011, so as to change from a first color to a second color,
as shown by the partial color change in FIG. 10B. Preferably
the semi-permeable membrane 1033 can operate a semi-
quantitative capacity.

In this alternative embodiment, as the swollen stimulus
sensitive gel 1010 undergoes its phase transition in reaction to
exposure to a predetermined stimulus, its volume changes by
collapsing or shrinking due at least to a potion of the liquid
1014 and constituent parts 1011 contained in the polymer
network of the swollen stimulus sensitive gel 1010 being
expelled. As the swollen stimulus sensitive gel 1010 expels
even a portion of the liquid 1014 and the constituent parts
1011, it collapses and shrinks so that it resembles the
shrunken stimulus sensitive gel 1020 shown in FIG. 10B.
Once a portion of the liquid 1014 and the constituent parts
1011 are expelled from the swollen stimulus sensitive gel
1010, the expelled liquid 1015 and the expelled constituent
parts 1011 subsequently come into contact with and are
absorbed by the semi-permeable membrane 1033.

Upon being absorbed by the semi-permeable membrane
1033, the constituent parts 1011 are permanently bound to the
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semi-permeable membrane 1033 thereafter. Thus, even if the
predetermined stimulus is removed and the expelled liquid
1015 is subsequently reabsorbed by the shrunken stimulus
sensitive gel 1020 so as to become a partially or fully re-
swollen stimulus sensitive gel 1010, those constituent parts
1011 remain bound to or trapped in the color changing absor-
bent material 1007, and thus that color changing absorbent
material 1007 permanently remains colored the second color
1017.

It should be noted that by manipulating the permeability of
the semi-permeable membrane 1033, the time required for the
expelled liquid 1015 to move the length of the semi-perme-
able membrane 1033 into the indicator window 1012 can be
varied. Such manipulation of the semi-permeable membrane
1033 includes increasing or decreasing its thickness and/or
increasing or decreasing its surface area facing the indicator
window 1012 by increasing or decreasing its wicking ability,
s0 as to control the speed at which the expelled liquid 1015
and the constituent parts 1011 travel through the semi-per-
meable membrane 1033.

The semi-permeable membrane 1033 would preferably be
designed so that it not only allows the constituent parts 1011
contained in the expelled liquid 1015 to pass through the
semi-permeable membrane 1033, but also would prevent the
constituent parts 1011 from being reabsorbed by the shrunken
stimulus sensitive gel 1020.

An advantage of using such an embodiment of the stimulus
indicating device 1000 is that both the exposure to a prede-
termined stimulus as well as the time of exposure can be
indicated. As an example, if the predetermined stimulus
occurs for just a short period of time, and is removed before
the all of the constituent parts 1011 contained in the swollen
stimulus sensitive gel 1010 have been completely expelled,
then only a portion of the semi-permeable membrane 1033
will have changed from a first color 1013 to a second color
1017.

One reason this happens is because the semi-permeable
membrane 1033 does not allow the expelled liquid 1015 and
expelled constituent parts 1011 to pass in both directions. And
so in this case, an irreversible indication of exposure to the
predetermined stimulus will be indicated by color changing
absorbent material 1007 even though the time of exposure to
the predetermined stimulus was brief. It will still result in a
color change because enough expelled liquid 1015 and
enough constituent parts 1011 passed through the semi-per-
meable membrane 1033 to become visible in the indicator
window 1012 to indicate a change from a first color 1013 to a
second color 1017.

It should be noted that it is not necessary for the swollen
stimulus sensitive gel 1010 to collapse or shrink entirely in
order for the color change in the semi-permeable membrane
1033 to be visible to the user. Instead, if even a portion of the
semi-permeable membrane 1033 changes color so as to be
visible to the user through the indicator window 1012, that is
enough to signal to the user that the product attached to the
stimulus indicating device 1000 had been exposed to a poten-
tially harmful stimulus. More specifically, although the
decrease in volume of the swollen stimulus sensitive gel 1010
in all of the embodiments of the stimulus indicating device
1000 discussed herein can be by any amount so long as it is
registerable, preferably the decrease in volume of the swollen
stimulus sensitive gel 1010 would be between at least a Y10
reduction in original volume, and up to a 500 times decrease
in original volume. In regard to all embodiments ofthe stimu-
lus indicating device 1000 discussed herein as they pertain to
the decrease in the volume being “registerable” what is meant
is that the volume change ofthe swollen stimulus sensitive gel
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1010 expels enough liquid 1014 and constituent parts 1011
from the swollen stimulus sensitive gel 1010 to cause the
swollen stimulus sensitive gel 1010 to collapse or shrink
enough so that it permanently causes at least a partial color
change in the color changing absorbent material 1007 from a
first color 1013 to a second color 1017 (e.g., a change in color
from a first color to a second color) or indication (e.g., a
portion of the semi-permeable membrane 1033 contains a
glyph, such as an “X” or “skull and cross bones” that is
revealed because of a color change) occurs in the stimulus
indicating device 1000, and is visible via the indicator win-
dow 1012, and indicates to the user that the product had been
exposed to a predetermined stimulus.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future.

As shown in FIG. 10A and discussed herein, this embodi-
ment of the irreversible stimulus indicating device 1000
would have at least one compartment 1002, but could have
others. In this alternative embodiment the semi-permeable
membrane 1033 is preferably located within the first com-
partment 1002 and is positioned below the indicator window
1012, so that at least a portion of the semi-permeable mem-
brane 1033 can be seen through the indicator window 1012.
Preferably the swollen stimulus sensitive gel 1010 is located
in the back half of the first compartment 1002 and is kept
separate from the semi-permeable membrane 1033. Although
the swollen stimulus sensitive gel 1010 is preferably hidden
from the user below the paint applied to the top portion 1016
of the stimulus sensitive device 1000, it could also be visible
to the user. If the swollen stimulus sensitive gel 1010 were
visible to the user, it is preferred that it be the same color as the
semi-permeable membrane 1033 prior to the semi-permeable
membrane 1033 coming into contact with the constituent
parts 1011.

If the semi-permeable membrane 1033 has the ability to
wick liquid 1014 and/or constituent parts 1011 from the swol-
len stimulus sensitive gel 1010 simply by the semi-permeable
membrane 1033 being in contact with the swollen stimulus
sensitive gel 1010, then it is preferred that the semi-permeable
membrane 1033 and the swollen stimulus sensitive gel 1010
be physically kept apart from each other. Thus, in this alter-
native embodiment the swollen stimulus sensitive gel 1010 is
physically separated from the semi-permeable membrane
1033 to prevent the liquid 1014 and the constituent parts 1011
contained in the swollen stimulus sensitive gel 1010 from
being wicked into the semi-permeable membrane 1033.
Doing so prevents the stimulus sensitive device 1000 from
giving a false indication of exposure to a predetermined
stimulus. If the semi-permeable membrane 1033 does not
wick the constituent parts 1011 out of the swollen stimulus
sensitive gel 1010, then the semi-permeable membrane 1033
can be in physical contact with the swollen stimulus sensitive
gel 1010.

Preferably, the stimulus sensitive gel 1010 and 1020 would
be fixed or secured at the attachment point 1018, or at more
than one attachment point if desired. The stimulus sensitive
gel 1010 and 1020 may be fixed to the attachment point 1018
with a suitable epoxy, glue, or it could be heat stamped upon
creation of the stimulus indicating device 1000. Attaching the
stimulus sensitive gel 1010 and 1020 to the attachment point
1018 helps to ensure that the stimulus sensitive gel 1010 and
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1020 collapses or shrinks in a desired direction—preferably
away from the indicator window 1012. Moreover, by securing
or fixing the stimulus sensitive gel 1010 and 1020 to the
attachment point ensures that the stimulus sensitive gel 1010
and 1020 does not cover the color changing absorbent mate-
rial 1007 after it had changed from a first color to a second
color. Securing or fixing the stimulus sensitive gel 1010 and
1020 to the attachment point 1018 prevents the stimulus sen-
sitive gel 1010 and 1020 from floating or moving within the
compartment and covering up the color changing absorbent
material 1007 at all times.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
1010 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 1010 and 1020 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 1010 of this preferred embodiment could trigger or
undergo its phase transition upon exposure to a predeter-
mined stimulus such as a predetermined pH level, or the
swollen stimulus sensitive gel 1010 of this preferred embodi-
ment could trigger or undergo its phase transition upon expo-
sure to a predetermined level of electromagnetic radiation.

All embodiments discussed herein of the stimulus indicat-
ing device 1000 containing the swollen stimulus sensitive gel
1010 and the shrunken stimulus sensitive gel 1020 may be
based on any type of stimulus sensitive gel that undergoes a
phase transition upon exposure of the stimulus sensitive gel to
a predetermined stimulus. The preferred types of stimulus
sensitive gels include poly(acrylamide-co-acrylic acid)
(PAAm-co-AA)) gel, a poly(acrylamide-co-sodium vinyl
acrylate) (PAAm-co-SVA)) gel, and/or its variations such as
poly(N-isopropylacrylamide) (PNIPAAm) gels, and/or their
derivatives. As is known in the art, such stimulus sensitive
gels and/or other equivalent gels and/or their derivatives,
undergo a significant change in volume in response to a range
of stimuli, including temperature, solvent composition, pH,
ionic strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 1010 and 1020
used in all the embodiments of the stimulus indicating device
1000 discussed herein can be selected so as to correlate to a
specific situation. For example, one of ordinary skill will
appreciate and understand that if the stimulus sensitive gel in
this embodiment is swollen at the beginning of its use as it
undergoes its phase transition, it will collapse or shrink,
thereby causing a change in color or indication in the stimulus
indicator 1000. Alternatively, the stimulus sensitive gel could
start out collapsed or shrunken, but upon exposure to its
predetermined stimulus it would permanently expand or
swell and cause a change in color or indication in the stimulus
indicator 100. By way of example only and as disclosed
herein and in prior applications, a stimulus sensitive gel 1010
and 1020 can be of the “Upper Critical Solution Temperature”
or UCST type gel, or can be of the “Lower Critical Solution
Temperature” or LCST type gel. As one of ordinary skill in
the art will appreciate, a UCST type stimulus sensitive gel,
such as PAAm-co-SVA gels, could be used when one wishes
to have an initially swollen stimulus sensitive gel collapse or
shrink when cooled below a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. A UCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is heated beyond a predetermined
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stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. Alternatively, an LCST type stimulus sensitive
gel, such as PNIPAAm gels, could be used when one wishes
to have an initially swollen stimulus sensitive gel collapse or
shrink when heated above a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. An LCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is cooled below a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 1010 and 1020 discussed
herein in regard to all embodiments of the stimulus indicating
device 1000 may be ofthe UCST type of gel (i.e., the swollen
stimulus sensitive gel 1010 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 1020; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 1010), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel
1010 and the shrunken stimulus sensitive gel 1020 also being
of'the LCST type of gel. Moreover, it should be noted that all
the variations of the different embodiments discussed herein
can be combined with the variations of other embodiments
described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 1010 and 1020 employed in all the
embodiments of the stimulus indicating device 1000 dis-
cussed herein were made of UCST type stimulus sensitive
gels, it could be any number of such UCST gels, including: 1)
i) an interpenetrating network of polyacrylamide (PAAm)
and polyacrylic acid (PAAc) or IPN-PAAm-PAAc; or ii)
Acrylamide copolymerized with sodium vinyl acrylate
(SVA) gel to result in the creation of PAAm-co-SVA gel; or
iii) their derivates, and as described in Tanaka, “Gels,” Sci-
entific American 244 (1981) at 124-138 and Tanaka, “Phase
Transitions in Ionic Gels,” Physical Review Letters 45 (1980)
at 1636-1639, the predetermined “trigger” stimulus at which
a UCST gel undergoes its phase transition, and thereby expels
the liquid 1014 and constituent parts 1011 and thus collapses
or shrinks in volume, can be “tuned” to a particular value by
changing the solvent trapped in the gel polymer matrix in
addition to introducing salts, surfactants, or other substances
to the gel matrix. Such “tuning” in regard to UCST type gels
is discussed herein and in U.S. Pat. No. 5,100,933. Similarly,
if the stimulus sensitive gel 1010 and 1020 employed in all the
embodiments of the stimulus indicating device 1000 dis-
cussed herein were made of LSCT type stimulus sensitive
gels, it could be any number of such LCST gels, including
PNIPAAm gels, and as described in U.S. Pat. No. 4,732,930
in regard to PNIPAAm LCST type gels, the predetermined
stimulus, such as temperature at which a stimulus sensitive
gel 1010 and 1020 undergoes its phase transition and changes
volume, can be “tuned” to a particular value by adding salts,
surfactants, or other substances to the gel matrix. Explana-
tions of how the transition temperature of an LCST gel can be
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tuned can be found in the following references: Zhang et al.,
“Specific Ion Effects on the Water Solubility of Macromol-
ecules: PNIPAM and the Hofmeister Series” Journal of the
American Chemical Society volume 127 at 14505 to 14510
and Park et al., “Sodium Chloride-Induced Phase Transition
in Nonionic Poly(N-isopropylacrylamide) Gel” Macromol-
ecules volume 26 at 5045 to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 1010 and 1020, and thus the corresponding
expulsion of liquid 1014 and constituent parts 1011 can be
insignificant or it can be dramatic. If the desired visual indi-
cation as the result of the swollen stimulus sensitive gel 1010
expelling its liquid 1014 and its constituent parts 1011 is to
cause all of the semi-permeable membrane 1033 to turn a
second color, then a large change in volume is preferred.

10. Embodiments with Capillaries

In accordance with the purpose of certain embodiments of
the invention, as embodied and broadly described herein and
in conjunction with FIG. 11A through FIG. 11B as well as
FIG. 2A through FIG. 2F, an alternative embodiment of the
inventive stimulus indicating device 1100 preferably is a
multi-compartment device that could keep the color changing
absorbent material 1107 and the liquid 1114 and constituent
parts 1111 contained in the swollen stimulus sensitive gel
1110, separate from each other, and preferably it does not
contain the liquid bath of the preferred embodiment. More
specifically, as shown in FIG. 11A and FIG. 11B, the color
changing absorbent material 1107 is in the first compartment
1102 and can be viewed through an indicator window 1112.
The swollen stimulus sensitive gel 1110 is in the second
compartment 1104. Although this embodiment is described
in terms of the stimulus sensitive gel preferably being swollen
initially, as discussed herein in regard to stimulus sensitive
gels, one of ordinary skill in the art would appreciate that the
same invention can be achieved with an initially shrunken
stimulus sensitive gel that draws out constituent parts from
the color changing absorbent material and uses them to
expand or swell upon exposure to a predetermined stimulus
s0 as to result in a color change.

The first compartment 1102 and the second compartment
1104 are formed by the backing blacking layer 1125 on the
bottom of the stimulus indicating device 1100 and an upper
layer 1126 on the top of the stimulus indicating device 1100.
The first compartment 1102 and the second compartment
1104 are additionally formed and differentiated from one
another by small channel(s) 1132, capillary(-ies) 1132 or
tube(s) 1132, such as capillary tube(s) 1132 that are strong
and resilient to twisting, bending and breaking. The capillary
tube(s) 1132 is/are designed to allow the expelled liquid 1115
and constituent parts 1111 to pass from the second compart-
ment 1104 into the first compartment 1102, and from the first
compartment 1102 to the second compartment 1104.

Prior to exposure to a predetermined stimulus, in this
embodiment a swollen stimulus sensitive gel 1110 is con-
tained in only the second compartment 1104. And prior to
exposure of the stimulus indicating device 1100 to a prede-
termined stimulus, the color changing absorbent material
1107 is a first color, visible through the indicator window
1112 or display portion 1112.
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Both the backing layer 1125 and the upper layer 1126 may
be constructed of a strong, resilient leak-proof material, such
as plastic or other polymer material, so as to provide for the
twisting or bending that might occur during transportation of
the stimulus sensitive product without tearing, breaking or
leaking. The backing layer 1125 and the upper layer 1126
may also be made of a material that preferably allows them to
be joined and sealed together, such as by heat stamping or
other suitable means. The backing layer 1125 and the upper
layer 1126 can both approximate the length and width of the
first compartment 1102 plus the length and width of the
second compartment 1104 combined with the capillaries
1132, although variations in these dimensions are within the
scope of the present invention. The upper layer 1126 can
preferably be made of a clear material, such as plastic, so that
the user of the stimulus indicating device 1100 can view at
least some portion of the backing material or color changing
absorbent material 1107. The upper layer 1126 can also be
able to accept paint or ink so as to allow for coloring or
concealing at least some portion of the first compartment
1102.

Although some portion of the upper layer 1126 can also
accept paint or ink for coloring, it is preferable that the indi-
cator window 1102 portion of the upper layer 1126 remains
free from ink or coloring so that the user of the stimulus
indicating device 1100 can observe the first compartment
1102 through the indicator window 1112 as explained herein.
The backing layer 1125 should also be able to accept paste,
glue or other suitable adhesive on the surface not facing the
first compartment 1102, so as to allow it to be directly or
indirectly attached to a stimulus sensitive product.

By way of example only, the color changing absorbent
material 1107 could be divalent cation indicator paper, litmus
paper or any equivalent absorbent material that is reactive to
acertain ion, element or similar substance. In regard to all the
embodiments of the stimulus indicating device discussed
herein being “reactive,” what is meant is that the color chang-
ing absorbent material 1107 should change its observable
properties (by way of example only, its size, its color, etc.) in
reaction to coming into contact with the constituent parts
1111 expelled from the swollen stimulus sensitive gel 1110 as
described herein. Thus it is important that the color changing
absorbent material 1107 has both an affinity for the expelled
liquid 1115 and constituent parts 1111 previously contained
in, and expelled from, the swollen stimulus sensitive gel
1110; and that at least a portion of the color changing absor-
bent material 1107 changes properties upon coming into con-
tact with the expelled liquid 1115 and constituent parts 1111,
s0 as to change from a first color to a second color. Preferably
the color changing absorbent material 1107 can operate in a
semi-quantitative capacity.

In this alternative embodiment, the color changing absor-
bent material 1107 is a divalent cationic paper that is reactive
to constituent parts 1111 such as by way of example only,
divalent cations (by way of example only, Mg* or Ca®*). As
discussed herein, a suitable color changing absorbent mate-
rial 1107, such as a total-hardness indicator paper or test stick
will indicate a change from a first color 1113 to asecond color
1117 upon exposure to constituent parts 1111 carried by the
expelled liquid 1115 after both are expelled from the swollen
stimulus sensitive gel 1110. Examples of such divalent cat-
ionic paper that can be used as the color changing absorbent
material 1107 includes a total-hardness indicator paper or test
stick that is available from Sigma-Aldrich under the trade-
name QUANTOFIX®, is manufactured by Macherey-Nagel
under the tradename Aquadur®, and that changes color from
blue to red upon coming into contact with expelled liquid
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1115 containing the constituent parts 1111 (by way of
example only, Mg** or Ca®*). Preferably the color changing
absorbent material 1107 operates in at least a semi-quantita-
tive capacity.

As discussed herein, one method for incorporating the
constituent parts 1111 that are reactive with the color chang-
ing absorbent material 1107 is to swell the swollen stimulus
sensitive gel 1110 in a bath containing constituent parts 1111
that are specifically reactive with the selected color changing
absorbent material 1107, including by way of example only,
divalent cation salts (by way of example only, Mg>* or Ca>*
salts), and/or varying concentrations of H*.

In this alternative embodiment, as the swollen stimulus
sensitive gel 1110 undergoes its phase transition in reaction to
exposure to a predetermined stimulus, its volume changes by
collapsing or shrinking due at least to a portion of the liquid
1114 and constituent parts 1111 (by way of example only,
Mg**) contained in the polymer network of the swollen
stimulus sensitive gel 1110 being expelled. As the swollen
stimulus sensitive gel 1110 expels even a portion of the liquid
1114 and the constituent parts 1111, it collapses and shrinks
so that it resembles the shrunken stimulus sensitive gel 1120
shown in FIG. 11B. Once a portion of the liquid 1114 and the
constituent parts 1111 are expelled from the swollen stimulus
sensitive gel 1110, the expelled liquid 1115 and the expelled
constituent parts 1111 subsequently come into contact with
and are absorbed by the color changing absorbent material
1107.

Once the liquid 1114 and the constituent parts 1111 are
expelled from the swollen stimulus sensitive gel 1110, they
pass through the capillary tube(s) 1132 of the stimulus indi-
cating device 1100, they come into contact with and are
absorbed by the color changing absorbent material 1107.
Because of the design of the color changing absorbent mate-
rial 1107, as the constituent parts 1111 are absorbed by the
color changing absorbent material 1107, the color changing
absorbent material 1107 changes from a first color 1113 to a
second color 1117 due to the reaction between chemical
moieties on the color changing absorbent material 1107 and
the constituent parts 1111 carried by the expelled liquid 1115.
Because of the design of the color changing absorbent mate-
rial 1107, at least part of the color changing absorbent mate-
rial 1107, and preferably all of the color changing absorbent
material 1107, will change from a first color 1113 to a second
color 1117 upon coming into contact with the constituent
parts 1111.

Moreover, upon being absorbed by the color changing
absorbent material 1107, the constituent parts 1111 are per-
manently bound to the color changing absorbent material
1107 thereafter. Thus, even if the predetermined stimulus is
removed and the expelled liquid 1115 is subsequently reab-
sorbed by the shrunken stimulus sensitive gel 1120 so as to
become a partially or fully re-swollen stimulus sensitive gel
1110, those constituent parts 1111 remain bound to or trapped
in the color changing absorbent material 1107, and thus that
color changing absorbent material 1107 permanently remains
colored the second color 1117.

It should be noted that by manipulating the permeability of
the capillary tube(s) 1132 connecting the first compartment
1102 to the second compartment 1104, the time required for
the expelled liquid 1115 to move from the second compart-
ment 1104 into the first compartment 1102 can be varied.
Such manipulation of the capillary tube(s) 1132 includes
increasing or decreasing its thickness and/or increasing or
decreasing its surface area facing the first compartment 1102
and/or second compartment 1104 and/or increasing or
decreasing its wicking ability, so as to control the speed at
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which the expelled liquid 1115 and the constituent parts 1111
travel from the second compartment 1104, through the cap-
illary tube(s) 1132, and enter the first compartment 1102.

As will be appreciated by one of ordinary skill in the art, the
geometry of the capillary tubes 1132 can be manipulated so as
to control the speed at which the expelled liquid 1115 and the
constituent parts 1111 move from the second compartment
1104 into the first compartment 1102. Such manipulation of
the geometry of the capillary tubes 1132 includes increasing
or decreasing its/their length and/or increasing or decreasing
its/their width and/or increasing or decreasing the wicking
ability of the material that makes up the capillary tubes 1132,
s0 as to control the speed at which the expelled liquid 1115
and the constituent parts 1111 travel from the second com-
partment 1104, through the capillary tubes 1132, and enter
the first compartment 1102.

An advantage of using such embodiment is that both the
exposure to a predetermined stimulus as well as the time of
exposure can be indicated. As an example, if the predeter-
mined stimulus occurs for just a short period of time, and is
removed before the expelled liquid 1115 and constituent parts
1111 have completely moved from the second compartment
1104 through the capillary tubes 1132 and into the first com-
partment 1102, then the expelled liquid 1115 and constituent
parts 1111 will be wicked or drawn back into the second
compartment 1104 by the shrunken stimulus sensitive gel
1120 as the shrunken stimulus sensitive gel 1120 re-expands
or swells as a result of undergoing the reverse phase transi-
tion. In this case, no irreversible indication of exposure to the
predetermined stimulus will be indicated by color changing
absorbent material 1107 because the time of exposure to the
predetermined stimulus was too brief to enable enough
expelled liquid 1115 and constituent parts 1111 to pass com-
pletely through the capillary tubes 1132, react with the color
changing absorbent material 1107, and cause it to change
from a first color 1113 to a second color 1117. It should be
noted that it is not necessary for the swollen stimulus sensitive
gel 1110 to collapse or shrink entirely in order for the color
change in the color changing absorbent material 1107 to be
visible to the user. Instead, if even a portion of the color
changing absorbent material 1107 changes color so as to be
visible to the user through the indicator window 1112, that is
enough to signal to the user that the product attached to the
stimulus indicating device 1100 had been exposed to a poten-
tially harmful stimulus. More specifically, although the
decrease in volume of the swollen stimulus sensitive gel 1110
in all of the embodiments of the stimulus indicating device
1100 discussed herein can be by any amount so long as it is
registerable, preferably the decrease in volume of the swollen
stimulus sensitive gel 1110 would be between at least a Y10
reduction in original volume, and up to a 500 times decrease
in original volume. In regard to all embodiments of the stimu-
lus indicating device 1100 discussed herein as they pertain to
the decrease in the volume being “registerable” what is meant
is that the volume change of the swollen stimulus sensitive gel
1110 expels enough liquid 1114 and constituent parts 1111
from the swollen stimulus sensitive gel 1110 to cause the
swollen stimulus sensitive gel 1110 to collapse or shrink
enough so that it permanently causes at least a partial color
change in the color changing absorbent material 1107 from a
first color 1113 to a second color 1117 (e.g., a change in color
from a first color to a second color) or indication (e.g., a
portion of the color changing absorbent material contains a
glyph, such as an “X” or “skull and cross bones” that is
revealed because of a color change) occurs in the stimulus
indicating device 1100, and is visible via the indicator win-
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dow 1112, and indicates to the user that the product had been
exposed to a predetermined stimulus.

In regard to all the embodiments of the stimulus indicating
device discussed herein being “irreversible” and “perma-
nent,” what is meant is that once the stimulus indicating
device provides an indication of exposure to an adverse
stimulus extreme (which is also referred to herein as a prede-
termined stimulus), that exposure indication does not change,
even though the adverse stimulus extreme or predetermined
stimulus might be removed in the future. In an alternative of
this embodiment with a permeable membrane 1132, the color
changing absorbent material 1107 could be pH-indicator
strips manufactured by EMD Chemicals Inc. These pH-indi-
cator strips can react to and indicate exposure to constituent
parts 1111 such as and by way of example only, H* ion, by
permanently changing from a first color 1113 to a second
color 1117. Preferably the pH-indicator strips are manufac-
tured in such a way that there is a noticeable spectrum of
colors that match the range of possible pH concentrations. For
example, the first color 1113 of the color changing absorbent
material 1107 could be colored red prior to the stimulus
indicating device 1100 being exposed to a predetermined
stimulus. Then upon exposure to the predetermined stimulus,
the swollen stimulus sensitive gel 1110 would expel liquid
1114 and constituent parts 1111 (by way of example only H")
which, upon contact with the color changing absorbent mate-
rial 1107, causes the color changing absorbent material 1107
to change to a second color 1117, such as blue. Altering the
pH of the expelled liquid 1115 and the content of the con-
stituent parts 1111 (by way of example only H*) will allow the
first color 1113 and second color 1117 of the color changing
absorbent material 1107 to be manipulated. For example, if
the swollen stimulus sensitive gel 1110 was manufactured so
that it was swollen with an aqueous solution of either high pH
(for example a pH of 14), or low pH (for example a pH of 1),
the most significant color contrast can be achieved between
the first color 1113 and second color 1117 of the color chang-
ing absorbent material 1107.

As shown in FIG. 11A and discussed herein, this embodi-
ment of the irreversible stimulus indicating device 1100
would have at least two compartments 1102 and 1104. In the
alternative embodiment the color changing absorbent mate-
rial 1107 is preferably located within the first compartment
1102 and is positioned below the indicator window 1112, so
that at least a portion of the color changing absorbent material
1107 can be seen through the indicator window 1112. Pref-
erably the swollen stimulus sensitive gel 1110 is located in the
second compartment 1104 and is kept separate from the color
changing absorbent material 1107 by the capillary tube(s)
1132. Although the swollen stimulus sensitive gel 1110 is
preferably hidden from the user below the paint applied to the
top portion 1116 of the stimulus sensitive device 1100, it
could also be visible to the user. If the swollen stimulus
sensitive gel 1110 were visible to the user, it is preferred that
it be the same color as the color changing absorbent material
1107 prior to the color changing absorbent material 1107
coming into contact with the constituent parts 1111.

If'the color changing absorbent material 1107 has the abil-
ity to wick liquid 1114 and/or constituent parts 1111 from the
swollen stimulus sensitive gel 1110 simply by the color
changing absorbent material 1107 being in contact with the
swollen sensitive gel 1110, then it is preferred that the per-
meable membrane 1130 be used to keep the color changing
absorbent material 1107 and the swollen stimulus sensitive
gel 1110 physically apart from each other. Thus, in this alter-
native embodiment the swollen stimulus sensitive gel 1110 is
physically separated from the color changing absorbent mate-
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rial 1107 by the permeable membrane 1130 to prevent the
liquid 1114 and the constituent parts 1111 contained in the
swollen stimulus sensitive gel 1110 from being wicked into
the color changing absorbent material 1107. Doing so pre-
vents the stimulus sensitive device 1100 from giving a false
indication of exposure to a predetermined stimulus.

Although employing an embodiment with a permeable
membrane 1130 reduces, or depending on the size of the
shrunken stimulus sensitive gel 1120, eliminates the need for
attaching or securing the stimulus sensitive gel 1110 and 1120
within the stimulus indicating device 1100, it may still be
preferable for the stimulus sensitive gel 1110 and 1120 to be
fixed or secured at the attachment point 1118 in the second
compartment 1104, or at more than one attachment point if
desired. Preferably, the stimulus sensitive gel 1110 and 1120
would be fixed or secured at the attachment point 1118, or at
more than one attachment point if desired. The stimulus sen-
sitive gel 1110 and 1120 may be fixed to the attachment point
1118 with a suitable epoxy, glue, or it could be heat stamped
upon creation of the stimulus indicating device 1100. Attach-
ing the stimulus sensitive gel 1110 and 1120 to the attachment
point 1118 helps to ensure that the stimulus sensitive gel 1110
and 1120 collapses or shrinks in a desired direction—prefer-
ably away from the color changing absorbent material 1107
and the indicator window 1112. Moreover, by securing or
fixing the stimulus sensitive gel 1110 and 1120 to the attach-
ment point ensures that the stimulus sensitive gel 1110 and
1120 does not cover the color changing absorbent material
1107 after it had changed from a first color to a second color.
Securing or fixing the stimulus sensitive gel 1110 and 1120 to
the attachment point 1118 prevents the stimulus sensitive gel
1110 and 1120 from floating or moving within the compart-
ment and covering up the color changing absorbent material
1107 at all times.

It should be noted that the predetermined temperature dis-
cussed herein that causes the swollen stimulus sensitive gel
1110 to undergo its phase transition is only one example of a
predetermined stimulus or trigger stimulus that will cause the
inventive stimulus sensitive gel 1110 and 1120 to undergo its
phase transition. For example, the swollen stimulus sensitive
gel 1110 of this preferred embodiment could trigger or
undergo its phase transition upon exposure to a predeter-
mined stimulus such as a predetermined pH level, or the
swollen stimulus sensitive gel 1110 of this preferred embodi-
ment could trigger or undergo its phase transition upon expo-
sure to a predetermined level of electromagnetic radiation.

All embodiments discussed herein of the stimulus indicat-
ing device 1100 containing the swollen stimulus sensitive gel
1110 and the shrunken stimulus sensitive gel 1120 may be
based on any type of stimulus sensitive gel that undergoes a
phase transition upon exposure of the stimulus sensitive gel to
a predetermined stimulus. The preferred types of stimulus
sensitive gels include poly(acrylamide-co-acrylic acid)
(PAAm-co-AA) gel, a poly(acrylamide-co-sodium vinyl
acrylate) (PAAm-co-SVA) gel, and/or its variations such as
Poly(N-isopropylacrylamide) (PNIPAAm) gels, and/or their
derivatives. As is known in the art, such stimulus sensitive
gels and/or other equivalent gels and/or their derivatives,
undergo a significant change in volume in response to a range
of stimuli, including temperature, solvent composition, pH,
ionic strength, etc.

By way of example only, it is known in the art that when the
predetermined stimulus is temperature, the direction of the
volume change in the stimulus sensitive gel 1110 and 1120
used in all the embodiments of the stimulus indicating device
1100 discussed herein can be selected so as to correlate to a
specific situation. For example, one of ordinary skill will
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appreciate and understand that if the stimulus sensitive gel in
this embodiment is swollen at the beginning of its use as it
undergoes its phase transition, it will collapse or shrink,
thereby causing a change in color or indication in the stimulus
indicator 1100. Alternatively, the stimulus sensitive gel could
start out collapsed or shrunken, but upon exposure to its
predetermined stimulus it would permanently expand or
swell and cause a change in color or indication in the stimulus
indicator 100. By way of example only and as disclosed
herein and in prior applications, a stimulus sensitive gel 1110
and 1120 can be of the “Upper Critical Solution Temperature”
or UCST type gel, or can be of the “Lower Critical Solution
Temperature” or LCST type gel. As one of ordinary skill in
the art will appreciate, a UCST type stimulus sensitive gel,
such as PAAm-co-SVA gels, could be used when one wishes
to have an initially swollen stimulus sensitive gel collapse or
shrink when cooled below a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. A UCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is heated beyond a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. Alternatively, an LCST type stimulus sensitive
gel, such as PNIPAAm gels, could be used when one wishes
to have an initially swollen stimulus sensitive gel collapse or
shrink when heated above a predetermined or trigger tem-
perature and thereby: 1) reveal an indicator spot; or ii) expel
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication. An LCST type gel could also be used when one
wishes to have an initially shrunken stimulus sensitive gel
expand or swell when it is cooled below a predetermined
stimulus, and thereby: 1) cover an indicator spot; or ii) collect
liquid and/or constituent parts, both of which result in the
stimulus indicating device exhibiting a change in color or
indication.

One of ordinary skill in the art will understand that
although the stimulus sensitive gel 1110 and 1120 discussed
herein in regard to all embodiments of the stimulus indicating
device 1100 may be of the UCST type of gel (i.e., the swollen
stimulus sensitive gel 1110 will collapse or shrink upon expo-
sure to its predetermined stimulus of a cooler temperature,
and become the shrunken stimulus sensitive gel 1120; as well
as expand or swell upon exposure to its predetermined stimu-
lus of a warmer temperature, and become the swollen stimu-
lus sensitive gel 1110), the range and scope of this invention
includes and envisions the swollen stimulus sensitive gel
1110 and the shrunken stimulus sensitive gel 1120 also being
of'the LCST type of gel. Moreover, it should be noted that all
the variations of the different embodiments discussed herein
can be combined with the variations of other embodiments
described herein and that are known in the art, as would be
understood to one of ordinary skill in the art.

The behavior of the UCST gels and the LCST gels depends
on their chemical structure. Many examples of both kinds of
polymers are known in the literature. For example, if the
stimulus sensitive gel 1110 and 1120 employed in all the
embodiments of the stimulus indicating device 1100 dis-
cussed herein were made of UCST type stimulus sensitive
gels, it could be any number of such UCST gels, including: 1)
i) an interpenetrating network of polyacrylamide (PAAm)
and polyacrylic acid (PAAc) or IPN-PAAm-PAAc; or ii)
Acrylamide copolymerized with sodium vinyl acrylate
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(SVA) gel to result in the creation of PAAm-co-SVA gel; or
iii) their derivates, and as described in Tanaka, “Gels,” Sci-
entific American 244 (1981) at 124-138 and Tanaka, “Phase
Transitions in Ionic Gels,” Physical Review Letters 45 (1980)
at 1636-1639, the predetermined “trigger” stimulus at which
a UCST gel undergoes its phase transition, and thereby expels
the liquid 1114 and constituent parts 1111 and thus collapses
or shrinks in volume, can be “tuned” to a particular value by
changing the solvent trapped in the gel polymer matrix in
addition to introducing salts, surfactants, or other substances
to the gel matrix. Such “tuning” in regard to UCST type gels
is discussed herein and in U.S. Pat. No. 5,100,933. Similarly,
if the stimulus sensitive gel 1110 and 1120 employed in all the
embodiments of the stimulus indicating device 1100 dis-
cussed herein were made of LSCT type stimulus sensitive
gels, it could be any number of such LCST gels, including
PNIPAAm gels, and as described in U.S. Pat. No. 4,732,930
in regard to PNIPAAm LCST type gels, the predetermined
stimulus, such as temperature at which a stimulus sensitive
gel 1110 and 1120 undergoes its phase transition and changes
volume, can be “tuned” to a particular value by adding salts,
surfactants, or other substances to the gel matrix. Explana-
tions of how the transition temperature of an LCST gel can be
tuned can be found in the following references: Zhang et al.,
“Specific Ion Effects on the Water Solubility of Macromol-
ecules: PNIPAM and the Hofmeister Series” Journal of the
American Chemical Society volume 127 at 14505 to 14510
and Park et al., “Sodium Chloride-Induced Phase Transition
in Nonionic Poly(N-isopropylacrylamide) Gel” Macromol-
ecules volume 26 at 5045 to 5048.

Regardless of whether LCST type stimulus sensitive gels
or UCST type stimulus sensitive gels are used to indicate
exposure to a predetermined stimulus, what is important is
that the change in volume of the stimulus sensitive gel be
tailored to the application in which the stimulus indicator is
being used. For example, a change in volume of the stimulus
sensitive gel 1110 and 1120, and thus the corresponding
expulsion of liquid 1114 and constituent parts 1111 can be
insignificant or it can be dramatic. If the desired visual indi-
cation as the result of the swollen stimulus sensitive gel 1110
expelling its liquid 1114 and its constituent parts 1111 is to
cause most or all of the color changing absorbent material
1107 to turn a second color, then a large change in volume is
preferred.

Method for Manufacturing; Doping and Setting the Trigger
Temperature of a Stimulus Sensitive Gel

For all the embodiments of the stimulus sensitive gel dis-
cussed herein, the stimulus sensitive gel can be manufactured
to undergo its phase transition at any predetermined stimulus.
By way of example only, the stimulus sensitive gel discussed
herein could be of the UCST type and could be made to
trigger or undergo its phase transition (i.e., collapse or shrink
and expel liquid and/or constituent parts) upon exposure to a
temperature of less than 2° C. Alternatively, and by way of
example only, the stimulus sensitive gel discussed herein
could be of the LCST type and could be made to trigger or
undergo its phase transition (i.e., collapse or shrink and expel
liquid and/or constituent parts) upon exposure to a tempera-
ture greater than 8° C. It will be understood by one of ordinary
skill in the art that other temperatures and/or stimuli can be set
as the predetermined stimulus by varying the method and/or
ingredients disclosed herein.

By way of example only, the discussion below will disclose
how to make a swollen stimulus sensitive gel of the UCST
type, which undergoes its phase transition (i.e., collapses or
shrinks and thereby expels the liquid and/or constituent parts
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contained in the stimulus sensitive gel) upon being exposed to
a temperature cooler than 2° C.

The method of manufacturing such a swollen stimulus
sensitive gel comprises at least two steps, and depending on
the embodiment being employed there are variations in the
second step that are dependent upon the particular embodi-
ment.

In the first step, acrylamide and sodium vinyl acrylate are
polymerized at room temperature to form a poly(acrylamide-
co-sodium vinyl acrylate) gel (abbreviated PAAm-co-SVA
gel, the co means that both Acrylamide and Sodium Viny-
1Acrylate are polymerized together.) (The gel remains swol-
len in water at a temperature of 0° C. so we can say the trigger
temperature of the PAAm-co-SVA gel in water occurs at a
temperature below 0° C.).

In the second step, the transition temperature of the PAAm-
co-SVA gel is adjusted to the desired transition temperature
via the addition of salts or solvents. Once the amounts of
additives required to obtain gel formulations that trigger at the
desired transition temperature are well established, the steps
described herein for determining those amounts need not be
repeated for the manufacture of future gels.

Depending on the embodiment employed, there could be a
variation in the second step wherein the PAAm-co-SVA gels
are dried and immersed in solutions containing salts or sol-
vents required for the desired transition temperature as well as
simultaneously doped with the constituent parts that are later
expelled as the swollen stimulus sensitive gel collapses or
shrinks in response to a predetermined stimulus. The purpose
of such doping is to impregnate the PAAm-co-SVA gel with
constituent parts, so that the constituent parts will perma-
nently cause the embodiments containing color changing
absorbent material to change from a first color to a second
color.

The resulting polymer gel (i.e., the doped swollen stimulus
sensitive gel) will initially have had a transition temperature
below 0° C., but by the completion of the second step in any
of its variations, the transition temperature of the resulting
polymer gel (i.e, the doped swollen stimulus sensitive gel) is
shifted to the desired temperature (e.g., 2° C.).

The first two steps taken together including any variations
of'the second step comprise the process of preparing a swol-
len stimulus sensitive gel that will undergo its phase transition
upon being exposed to a predetermined stimulus as well as
provide foolproof, permanent and irreversible indication of
the stimulus sensitive product’s exposure to such stimulus.

1. Preparation of PAAm-co-SVA Polymer Gels by
Polymerization of Acrylamide (AAm) and Sodium
Vinyl Acrylate (SVA)

By way of example only, the swollen stimulus sensitive gel
is prepared as a UCST type of polymer gel, and by way of
example only, this UCST type of polymer gel is created via
the polymerization of acrylamide and sodium vinyl acrylate,
so as to form a Poly(acrylamide-co-sodium vinyl acrylate)
gel (abbreviated PAAm-co-SVA) This polymerization of
acrylamide and sodium vinyl acrylate is accomplished by
employing the following ingredients, although one of ordi-
nary skill in the art will recognize that certain of the following
ingredients can be replaced by other similar types of ingredi-
ents, and recognizes/understands that the amounts of the
ingredients are exemplary only. Accordingly, the amounts of
the ingredients can be varied by any amount so long as the
desired gel is created. Moreover, the amounts can be
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increased or decreased proportionally so that larger or smaller
amounts of swollen stimulus sensitive gel can be created. The
ingredients include:

1) 0.4622 grams of vinylacetic acid (preferably 98% purity
from Aldrich)

i) 0.2148 grams of sodium hydroxide (preferably 99.8%
purity from Fisher) or alternatively 0.5691 grams of
sodium carbonate (preferably 99.8% from Aldrich)

iii) 20 milliliters of distilled and deionized water;

iv) 1.0 grams of acrylamide (preferably electrophoresis
grade from Aldrich)

v) between 0.0267 and 0.267 grams of N,N'-methylenebi-
sacrylamide (preferably electrophoresis grade from
Aldrich)

vi) 0.04 grams of ammonium persulfate (preferably 98%
purity from Aldrich)

vii) 0.1 grams of Red 110 M (from LanXess Corporation).

In order to manufacture such gel, the following method is

preferably followed, although one of ordinary skill in the art
will recognize that certain steps can be performed in varying
order, and the amounts can be varies as described herein or as
known to one of ordinary skill in the art:

1) place the 20 milliliters of distilled and deionized water
into a scintillation vial and purge that distilled and deion-
ized water with nitrogen gas for 15 to 20 minutes so as to
remove all possible amounts of oxygen;

ii) add the 0.4622 grams of vinylacetic acid into the scin-
tillation vial, and stir extensively for 5 minutes or until
all of the vinylacetic acid is completely dissolved;

iii) add the 0.2148 grams of sodium hydroxide or 0.5691
grams of sodium carbonate to the scintillation vial and
stir extensively until the salt is completely dissolved.
The purpose of adding the sodium hydroxide or sodium
carbonate to the mixture in the scintillation vial is so that
it can react with the vinylacetic acid to form the salt
sodium vinyl acrylate. Because the sodium vinyl acry-
late salt is an ionic water soluble monomer, when it is
copolymerized with the acrylamide, the resultant hydro-
gel will exhibit a large degree of expansion and/or swell-
ing in size and/or volume;

iv) add the 1.0 grams of acrylamide to the scintillation vial
and stir extensively for 5 minutes or until all the com-
ponents in the scintillation vial are completely dis-
solved;

v) add between 0.0267 and 0.267 grams of N,N'-methyl-
enebisacrylamide to the scintillation vial and stir exten-
sively for 5 minutes or until all the components in the
scintillation vial are completely dissolved. Here we may
use varying amounts of crosslinker—N,N'-methyl-
enebisacrylamide since the crosslinking density affects
the mechanical properties of the gel as well as the reso-
Iution of the phase transition. For example, holding all
other parameters constant, a gel with a low cross-link
density, which is equivalent to incorporating low
amounts of N,N'-methylenebisacrylamide in the gel,
will exhibit good resolution around the trigger tempera-
ture. What is meant by good resolution around the tran-
sition temperature is that the gel will only transition
when the harmful stimulus is in very close proximity to
the trigger temperature of the gel. However, gels pre-
pared with a low cross-link density have poor mechani-
cal integrity, which makes it difficult to process or
handle them. On the other hand, the cross-link density
may be high corresponding to large amounts of N,N'-
methylenebisacrylamide incorporated in the gel.
Whereas the mechanical integrity of these gels is
improved, the resolution of the gel response around the
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transition temperature is poor compared to the case with
low cross-link density. Hence, it is desirable to optimize
the N,N'-methylenebisacrylamide concentration to
obtain good resolution and ease of handling the gel
material for the preparation of all embodiments.

vi) add the 0.04 grams of ammonium persulfate to the
scintillation vial and stir extensively for 5 minutes or
until all the components in the scintillation vial are com-
pletely dissolved;

vii) add the 0.1 grams of Red 110 M added to the scintil-
lation vial and stir extensively for 5 minutes or until all
the components in the scintillation vial are completely
dissolved. The addition of Red 110 M to the gel allows
the gel to be better observed, because otherwise the gel
would be transparent. As discussed herein and as under-
stood by one of ordinary skill, for all the embodiments
disclosed herein, one embodiment may work better with
a transparent stimulus sensitive gel, while others will
work better with a stimulus sensitive gel that is dyed a
given color. One of ordinary skill will also understand
that different color dyes can be used to make the stimu-
lus sensitive gel color different from, or the same as, the
indicator spot.

The pre-gel mixture of AAm and SVA is rapidly transferred
from the scintillation vial into molds to allow the polymer-
ization process to occur and/or so as to allow gels to form into
the desired shape. The pre-gel mixture is preferably cast
between glass plates since the pre-gel does not stick on glass
surfaces and hence can be removed from the plates easily.
Some of the types of molds employed are described below
although one of ordinary skill in the art will recognize that the
gels can be case in any shape and size. Glass pipettes can be
used which preferably have an inner diameter about 7 mm (7
mm does not work out to be ¥4 of an inch; it is actually a little
bit less than a 4). Similarly, rectangular or round glass cap-
illaries (from Fiber Optic Center, MA for instance) having an
inner diameter of 0.4 mm or Y4 inches could be used as well.
In addition, the gel may be cast between glass plates in a
protein electrophoresis gel casting unit (Mimi PROTEAN® 3
system from Bio-Rad for instance). The space between two
glass plates can be 1.0 mm or 1.5 mm.

As willbe appreciated by one of ordinary skill in the art, the
molds employed to form the stimulus sensitive gels can vary
in length, height and/or width, and as will be appreciated by
one of ordinary skill in the art, the desired speed with which
the transition of the resulting gel occurs is limited by the
smallest dimension of that stimulus sensitive gel. Because
there is an inverse relation between the transition speed and
the smallest dimension of the gel, between two stimulus sen-
sitive gels that have the same dimensions (e.g., length, height
or width) except for one of the dimensions, the gel with the
smallest dimensions will undergo its phase transition faster
than the other one. According to the theory of gel swelling
(Tanaka and Fillmore “Kinetics of Swelling of Gels,” in Jour-
nal of Chemical Physics, volume 70 at 1214 to 1218), the time
depends on the inverse of the length squared. For example, a
stimulus sensitive gel that is 1 cm long, 1.0 mm high, and 0.5
cm wide will take four times as long to completely undergo its
phase transition after exposure to its predetermined stimulus
than a stimulus sensitive gel that is 1 cm long, 0.5 mm high,
and 0.5 cm wide. So if between two gels which are the same
in all dimensions except for one, the gel that has a smallest
dimension which is half of the second gel other one then will
show a contraction that is four times faster than the contrac-
tion of the second stimulus sensitive gel.

Next the ends of the glass molds are sealed, either by flame
sealing or by putting epoxy at the ends. The reason for sealing
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the pre-gel mixture in the glass molds is to prevent the pre-gel
mixture from coming in contact with air during the polymer-
ization process. It is important to prevent the pre-gel mixture
from coming into contact with oxygen in the air during the
polymerization process, because oxygen retards and may
even stop the polymerization reaction. This is the same reason
that the distilled and deionized water is purged with nitrogen
at the beginning of the manufacture of the gel.

The final step in transforming the pre-gel mixture into a
robust stimulus sensitive gel mixture is to immerse the sealed
glass molds containing the pre-gel mixture in a water bath at
atemperature of 50° C. for at least one hour, but preferably the
pre-gel mixture is immersed in the 50° C. water bath for two
hours. After this period of two hours, polymerization is com-
plete, and the stimulus sensitive gel can be removed from the
glass molds.

An alternative to this final step of transforming the pre-gel
mixture into a robust stimulus sensitive gel mixture is to add
50 microliters of N,N,N'N'-tetramethylethylenediamine (ab-
breviated TEMED, preferably 98% purity from Aldrich) into
the pre-gel mixture and stirring the mixture for 5 minutes or
until it completely dissolves in the pre-gel mixture. TEMED
catalyzes the polymerization reaction such that the reaction
may occur at room temperature or even at lower temperatures
although one of ordinary skill in the art will recognize that
TEMED may be substituted with another redox polymeriza-
tion catalyst such as sodium metabisulfite. After the addition
of TEMED, the polymerization is allowed to proceed for
approximately one hour. One of ordinary skill in the art will
recognize, in addition to the two polymerization methods
discussed above, the polymerization of the pre-gel mixture
can be accomplished in many different ways.

Once polymerization is complete, the polymerized gels are
taken out from the glass molds by breaking the glass molds or
by removing the glass plates if using a protein electrophoresis
gel casting unit. Immersing the polymerized gels in deionized
water is a necessary step so as to remove unreacted compo-
nents because during the process of forming the stimulus
sensitive gel, there is always the possibility that some acry-
lamide, sodium vinylacrylate and N,N'-methylenebisacryla-
mide are not incorporated into the polymer chains that form
the stimulus sensitive gel. During the polymerization of the
stimulus sensitive gel, there is always the possibility that
some polymer chains are formed but which do not incorporate
into the polymer chains that form the gel, and as such can be
washed from the gel.

In the case that the gel is formed at room temperature via
the addition of a catalyst, that catalyst also needs to be
removed from the gel. The removal of TEMED and unreacted
monomers is achieved, as mentioned above, by simply
immersing the gel in distilled and deionized water. The poly-
merized gels are washed extensively by immersing the gels in
distilled and deionized water for at least two days, with the
water changed at least once a day. Immersing the polymerized
gels in deionized water is a necessary step so as to remove the
components not being incorporated into the gel.

Moreover, if the polymerization process used TEMED,
that TEMED also needs to be removed from the polymerized
gel. The removal of TEMED, unbound polymer chains and
unreacted monomers is achieved, as mentioned above, by
simply immersing the polymerized gel is distilled and deion-
ized water. Doing so completes the method for manufacturing
PAAm-co-SVA gels, although any gel that exhibits UCST
qualities would work for these embodiments.

After the polymerization of the stimulus sensitive gel is
complete, the stimulus sensitive gel is denoted or referred to
as PAAm-co-SVA gels.



US 9,182,292 B2

115

2. Shifting the Transition Point of the Gel to the
Predetermined Stimulus

Because of the ingredients and method used to prepare the
PAAm-co-SVA swollen stimulus sensitive gel discussed
above in Step 1, the polymerized gel will undergo its phase
transition at a predetermined stimulus of less than 0° C. That
predetermined stimulus can be altered, however, so as to
cause the swollen stimulus sensitive gel to collapse or shrink
upon cooling to any temperature. This altering of the prede-
termined stimulus can be accomplished because of the under-
lying physical interactions that govern the volume phase tran-
sition in stimulus sensitive gels. Various forces have been
recognized as responsible for the swelling of polymer gels:
polymer-solvent interactions, polymer chain elasticity and
monomer counterion pressure. Whether a gel is shrunken or
collapsed depends on the competition amongst the three
interactions. PAAm-co-SVA gels swell to a large extent in
water due to the presence of the ionic monomer SVA, whose
sodium counterions contribute to the ionic pressure, and the
favorable interaction between the polymer chains and water.
To induce these gels to undergo a volume transition, the
interaction between polymer chains should preferably be
more favorable than the interaction between the surrounding
solvent and polymer chains. In a swollen gel, the interaction
between the polymer chains forming the gel and the sur-
rounding water is more favorable than the interaction
between the polymer chains themselves such that the polymer
chains extend as much as possible to maximize contact with
water. However, when the solvent surrounding the gels is a
poor solvent, such that the polymer chains forming the gels
prefer to interact amongst them rather than with the poor
solvent, then the polymer chains will contract in order to
minimize their exposure to the poor solvent leading the gel to
collapse. Compared to pure water, an acetone solution in
water is a poor solvent for the PA Am-co-SVA gel and so these
gels can be made to collapse in an acetone solution in water.
However, as may be recognized by someone who is ordinary
skilled in the art, solutions of other non-polar solvents in
water can also cause unfavorable interactions with the poly-
mer chains such that the gels can be made to collapse.

In water, PAAm-co-SVA chains become greatly extended
such that the contact between polymer chains and water is
maximized, thereby resulting in a swollen gel. In order to
induce PAAm-co-SVA gels to undergo a volume transition,
the interaction between the polymer chains and the surround-
ing solvent needs to be made unfavorable such that the
PA Am-co-SVA chains contract to avoid contact with the sur-
rounding solvent and lead the gel to shrink. This can also be
accomplished by cooling the gel below its transition tempera-
ture since the interaction between the solvent and the polymer
chains can be made unfavorable and hence lead to collapse of
the gel by lowering the temperature.

A further concept inherent in these polymer gels is the
directionality of the temperature-induced volume changes.
As discussed herein, certain polymer gels (e.g., Poly(N-iso-
propylacrylamide) abbreviated PNIPAAm) shrink when
heated above a trigger temperature. These polymer gels are
said to show a “Lower Critical Solution Temperature” or
LCST. LCST behavior depends on the chemical structure.
Many examples of LCST polymer gels are known in the
literature. In polymer physics, LCST polymer-solvent sys-
tems are those in which the solubility of the polymer is
enhanced at low temperatures and diminished at high tem-
peratures. Because PNIPAAm gels are LCST gels, when the
PNIPAAm gel is below its predetermined stimulus (i.e., its
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transition temperature), it is swollen; but above its predeter-
mined stimulus the PNIPAAm gel is in the collapsed state.

As also discussed herein, there are certain polymer gels
(e.g., PAAm-co-SVA) that shrink when cooled below a trig-
ger temperature. These polymer gels are said to show an
“Upper Critical Solution Temperature” or UCST. UCST
behavior depends on the chemical structure. Many examples
of UCST polymer gels are known in the literature. In polymer
physics, UCST polymer-solvent systems are those in which
the solubility of the polymer is enhanced at high temperatures
and diminished at low temperatures. Because PAAm-co-SVA
gels are UCST gels, when the PAAm-co-SVA gel is below its
predetermined stimulus (i.e., its transition temperature), it is
shrunken; but above its predetermined stimulus the PAAm-
co-SVA gel is in the swollen state.

As is known in the art, the transition temperature of both
PNIPAAm and PAAm-co-SVA gels can be changed signifi-
cantly by immersing the gel in solutions of water with other
components (such as salt or solvents). In regard to the
PNIPAAm gels, see for example Tae Gwan Park et al.
“Sodium Chloride-induced phase transition in nonionic Poly
(n-isopropylacrylamide) gels” Macromolecules 1993 or
Yanhie Zhang et al. “Specific lon Effects on the Waer Solu-
bility of Macromolecules: PNIPAAm and the Hofmeister
Series” Journal of the American Chemical Society 2005. The
salt used in these solutions can be, by way of example only,
sodium chloride although one of ordinary skill in the art will
recognize that sodium chloride may be substituted with other
sodium salts. Similarly, in regard to PAAm-co-SVA gels see
Seiji Katayama “Chemical Condition Responsible for Ther-
moswelling or Thermoshrinking Type of Volume Phase Tran-
sition in Gels. Effect of Relative Amounts of Hydrophobic to
Hydrophilic Groups in the Side Chain” Journal of Physical
Chemistry 1992.

Temperature and solvent concentration play a similar role
in dictating whether the gel is swollen or not. For example the
stimulus sensitive gel is kept above a certain temperature, the
stimulus sensitive gel will remain swollen. But when the
stimulus sensitive gel is exposed to a stimulus that equals or
exceeds its predetermined stimulus, for example a lower tem-
perature, the swollen stimulus sensitive gel will undergo its
phase transition and collapse or shrink. Alternatively, by
keeping the temperature of the stimulus sensitive gel fixed
during its manufacture, so long as the stimulus sensitive gel is
not exposed to a predetermined stimulus, for example the
swollen stimulus sensitive gel is kept at a constant solvent
concentration, the swollen stimulus sensitive gel will remain
swollen. When the concentration surrounding the swollen
stimulus sensitive gel changes to such a degree that it equals
the predetermined stimulus for that swollen stimulus sensi-
tive gel, for example, the concentration of the solution sur-
rounding the swollen stimulus sensitive gel rises to a prede-
termined level, at that point the solution surrounding swollen
stimulus sensitive gel becomes such a poor solvent for the
swollen stimulus sensitive gel that the swollen stimulus sen-
sitive gel collapses or shrinks. This relationship between cer-
tain types of stimuli, such as solvent concentration and tran-
sition temperature, is what allows for the control of the phase
transition of the stimulus sensitive gel at its predetermined
stimulus, by way of example only, its transition temperature.

One of the embodiments of this invention includes a swol-
len stimulus sensitive gel that goes through its phase transi-
tion at a predetermined level of stimulus. By way of example
only, malaria vaccine spoils after exposure to a temperature
lower than 2° C. Therefore, a swollen stimulus sensitive gel
used in conjunction with any embodiment of the stimulus
indicating device described herein, can be set to trigger at 2°
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C. or cooler. By way of example only, a PAAm-co-SVA gel as
the swollen stimulus sensitive gel can be manufactured so that
as the phase transition of the swollen stimulus sensitive gel,
and therefore the expulsion of the expelled liquid and the
constituent parts in the form of a salt solution, occurs at
approximately 2° C. As one of ordinary skill in the art can
appreciate, the solvent concentration that causes a swollen
stimulus sensitive gel to trigger or undergo its phase transition
at a predetermined level of stimulus, can be determined for
any stimulus, and more particularly at any level of stimulus.

To determine the solvent concentration that is needed to
cause a given swollen stimulus sensitive gel to trigger or
undergo its phase transition at a predetermined stimulus such
as temperature, one needs to first start with gross variations of
solvent concentration then determine from those gross varia-
tions the level of stimulus that causes the swollen stimulus
sensitive gel to trigger or go through its phase transition. Then
by narrowing that variation of solvent concentration and
again noting the level of stimulus that caused the swollen
stimulus sensitive gel to trigger or undergo its phase transi-
tion, the swollen stimulus sensitive gel with the proper or
desired trigger of phase transition characteristics will become
evident. Once the solvent concentration required to obtain
gels that trigger at the desired transition temperature are well
established, this procedure needs not be repeated for all
manufactured gels.

By way of illustration only, to determine the proper acetone
concentration for a stimulus sensitive gel to trigger at 2° C.,
similarly sized pieces of washed stimulus sensitive gel films
are immersed and saturated in acetone-water mixtures pre-
pared whereby the concentrations of the acetone-water mix-
ture vary by 10%, resulting in acetone-water mixtures having
the following acetone concentrations: 80%, 70%, 60%, 50%
and 40%. By using similarly sized pieces of washed gels, the
determination is much more reliable. The saturation of the
gels with acetone-water mixtures is done by immersing
washed gel films in the corresponding acetone-water mix-
tures and replacing the acetone-water mixtures once daily for
two days at room temperature.

The swollen gels immersed in the acetone-water mixtures
are then placed in a constant temperature environment (such
as a constant temperature water cooling bath) at 2° C. After
some time it will be observed that gel films saturated at 60%
acetone concentration or above go through a phase transition,
but the swollen stimulus sensitive gel films saturated at 50%
acetone concentration or below failed to trigger and undergo
their phase transition, and thus did not collapse or shrink.
Accordingly, it is known that the desired acetone concentra-
tion for the swollen stimulus sensitive gel that will trigger and
undergo its phase transition between 2° C. and room tempera-
ture lies below 60% concentration of acetone, but above 50%
acetone concentration.

Thus, the next round of similarly sized pieces of washed
swollen stimulus sensitive gel are immersed in the acetone-
water mixtures having concentrations that vary by 2%
between the known range of 50% and 60% acetone-water
concentration, and are thereby saturated at 52%, 54%, 56%,
and 58% acetone-water concentration. Next, upon being
exposed to the predetermined stimulus, for example, a tem-
perature of 2° C., after some time it will be observed that all
of the swollen stimulus sensitive gels that were previously
immersed in the acetone-water mixtures containing concen-
trations 52%, 54%, 56% and 58% acetone-water remained
swollen and failed to trigger and undergo their phase transi-
tion, and thus did not collapse or shrink. Accordingly, it is
known that the desired acetone-water concentration for a
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swollen stimulus sensitive gel that will trigger and undergo its
phase transition at 2° C. lies between 58% and 60% acetone-
water concentration.

Thus, the next round of similarly sized pieces of washed
swollen stimulus sensitive gels are immersed in the acetone-
water mixtures having concentrations that vary by 0.5%
between the known range of 58.0% and 60.0% acetone-water
concentration, and are thereby saturated at 58.5%, 59.0%, and
59.5% acetone-water concentration. Next, upon being
exposed to the predetermined stimulus, for example, a tem-
perature of 2° C., it is observed that the stimulus sensitive gels
that were previously immersed in the acetone-water mixtures
containing 58.5%, 59.0%, and 59.5% acetone-water concen-
tration remained swollen and failed to trigger and undergo
their phase transition, and thus did not collapse or shrink.
Accordingly, it is known that the desired acetone-water con-
centration for a swollen stimulus sensitive gel that will trigger
and undergo its phase transition at 2° C. lies between 59.5%
and 60% acetone-water concentration.

Atthis point, it may not be necessary to determine with any
more specificity the concentration of the acetone-water mix-
ture necessary to cause the swollen stimulus sensitive gel to
undergo its phase transition at 2° C., although following this
method would allow such additional specificity.

3. Method to Dope the Gels with Constituent Parts

As discussed herein the swollen stimulus sensitive gel
expels, among other things, constituent parts as it undergoes
its phase transition in reaction to a predetermined stimulus. To
ensure that change in color of the color changing absorbent
material embodiment of the stimulus indicating device
occurs, the stimulus sensitive gel should preferably be doped
with constituent parts that are known to be reactive with and
permanently bind to the color changing absorbent material.
By way of example only, if divalent cationic paper is selected
as the color changing absorbent material, then the stimulus
sensitive gel should be doped with divalent cations, such as
Mg** or Ca**. Similarly, if litmus paper is selected as the
color changing absorbent material, then the stimulus sensitive
gel should be doped with hydrogen or hydroxyl ions (H* or
OH).

Once the acetone-water concentrations required to obtain
stimulus sensitive gels that trigger at the desired transition
temperatures are well established, this procedure need not be
repeated for all manufactured gels. In order to dope the stimu-
lus sensitive gels, the pieces of swollen stimulus sensitive gel
are swollen in a solution containing both the necessary
acetone-water concentration to achieve the desired transition
temperature, and containing the constituent parts. That is,
after washing the PAAm-co-SVA gel with distilled and deion-
ized water as discussed above, the swollen stimulus sensitive
gel is soaked in a solution containing 30 mM MgCl, and the
required acetone-water concentration for the desired transi-
tion temperature overnight. For example, if the stimulus indi-
cating device was to trigger and have the color changing
absorbent material change from a first color to a second color
upon exposure to a temperature of about 2° C. or cooler, the
required acetone-water concentration would be between
59.5% and 60%, as described herein. Then the swollen, doped
and stimulus sensitive gel is removed from the doping solu-
tion and is patted dry with Kimwipes tissue. In this way the
doped, swollen stimulus sensitive gel contains the constituent
parts (e.g., divalent cations such as Mg**) that will be
expelled from the swollen stimulus sensitive gel and react
with the color changing absorbent material (e.g., divalent
cationic indicator paper) once the swollen stimulus sensitive
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gel undergoes its phase transition upon being exposed to a
predetermined stimulus, thereby causing the color changing
absorbent material in the color changing absorbent material
embodiments to change from a first color to a second color.
Alternatively, the swollen stimulus sensitive gels can be
doped with OH™ by submerging and soaking the stimulus
sensitive gel in a pH 10 solution containing the required
solvent concentration for the desired transition temperature
overnight. Then the swollen and doped stimulus sensitive gel
is removed from the doping solution and is patted dry with
Kimwipes tissue. In this way the doped, swollen stimulus
sensitive gel contains the constituent parts (e.g., OH™) that
will react with the color changing absorbent material (e.g.,
litmus paper) once the swollen stimulus sensitive gel under-
goes its phase transition upon being exposed to a predeter-
mined stimulus.

Alternate Embodiment of the Gel
Method for Manufacturing a Stimulus Sensitive Gel

For all the embodiments of the stimulus sensitive gel dis-
cussed herein, the stimulus sensitive gel can be manufactured
to undergo its phase transition at any predetermined stimulus.
By way of example only, the stimulus sensitive gel discussed
herein could be of the UCST type and could be made to
trigger or undergo its phase transition (i.e., collapse or shrink
and expel liquid and/or constituent parts) upon exposure to a
predetermined temperature that decreases from a first tem-
perature to a second temperature. Alternatively, and by way of
example only, the stimulus sensitive gel discussed herein
could be of the LCST type and could be made to trigger or
undergo its phase transition (i.e., collapse or shrink and expel
liquid and/or constituent parts) upon exposure to a predeter-
mined temperature that rises in temperature from a first tem-
perature to a second temperature. It will be understood by one
of ordinary skill in the art that other temperatures and/or
stimuli can be set as the predetermined stimulus by varying
the method and/or ingredients disclosed herein.

By way of example only, the discussion below will disclose
how to make a swollen stimulus sensitive gel of the UCST
type, which undergoes its phase transition (i.e., collapses or
shrinks and thereby expels the liquid and/or constituent parts
contained in the stimulus sensitive gel) upon being exposed to
a temperature cooler than 2° C.

The method of manufacturing such a swollen stimulus
sensitive gel comprises at least two steps. In the first step, an
interpenetrating polymer network is formed from polyacry-
lamide (PAAm) and polyacrylic acid (PAAc). This gel is
referred to as IPN-PAAm-PA Ac. During the synthesis of the
interpenetrating network gel, a portion of the acrylic acid
groups on the PAAc gels are ionized through the addition of
sodium hydroxide. By controlling the degree of ionization,
the transition temperature of the gel can be adjusted to the
desired transition temperature. Once the amount of ionization
required to obtain gel formulations that trigger at the desired
transition temperature are well established, the steps
described herein for determining those amounts need not be
repeated for the manufacture of future gels.

In the second step, the interpenetrating network gel is
doped with the constituent parts that are later expelled as the
swollen stimulus sensitive gel collapses or shrinks in
response to a predetermined stimulus. The purpose of such
doping is to impregnate the IPN-PAAm-PA Ac gel with con-
stituent parts, so that the constituent parts will permanently
cause the embodiments containing color changing absorbent
material to change from a first color to a second color. The
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resulting polymer gel (i.e., the doped swollen stimulus sen-
sitive gel) will initially have had a transition temperature near
0° C., but by the completion of the second step, the transition
temperature of the resulting polymer gel (i.e, the doped swol-
len stimulus sensitive gel) is shifted to the desired tempera-
ture (e.g., 2° C.).

The first two steps taken together comprise the process of
preparing a swollen stimulus sensitive gel that will undergo
its phase transition upon being exposed to a predetermined
stimulus as well as provide foolproof, permanent and irre-
versible indication of the stimulus sensitive product’s expo-
sure to such stimulus.

1. Preparation of Interpenetrating Polymer Gels by
Polymerization of Acrylamide and Acrylic Acid

By way of example only, the swollen stimulus sensitive gel
is prepared as a UCST type of polymer gel, and by way of
example only, this UCST type of polymer gel is created
through the formation of an interpenetrating polymer net-
work of polyacrylamide (PAAm) and polyacrylic acid
(PAAC) s0 as to form an IPN-PAAm-PA Ac. This polymeriza-
tion of acrylamide and acrylic acid is accomplished in several
steps: first, the PAAm gel is formed. After that, the PAAm gel
is washed extensively in water. Then the PAAm gel is dried
completely and later swollen in an acrylic acid solution. The
acrylic acid is then polymerized and the IPN-PAAm-PAA is
formed. The polymerization is done by employing the fol-
lowing ingredients, although one of ordinary skill in the art
will recognize that certain of the following ingredients can be
replaced by other similar types of ingredients, and recog-
nizes/understands that the amounts of the ingredients are
exemplary only. Accordingly, the amounts of the ingredients
can be varied by any amount so long as the desired gel is
created. Moreover, the amounts can be increased or decreased
proportionally so that larger or smaller amounts of swollen
stimulus sensitive gel can be created. The ingredients include:

i) 1.0 grams of acrylic acid (preferably 98% purity from
Aldrich)

ii) 1.0 grams of acrylamide (preferably electrophoresis
grade from Aldrich)

iii) 40 milliliters of distilled and deionized water;

iv) 0.0533 grams of N,N'-methylenebisacrylamide (pref-
erably electrophoresis grade from Aldrich).

v) 0.008 grams of ammonium persulfate (preferably 98%
purity from Aldrich)

vi) 0.1 grams of Red 110 M (from LanXess Corporation).

vii) Sodium hydroxide

In order to manufacture such gel, the following method is
preferably followed, although one of ordinary skill in the art
will recognize that certain steps can be performed in varying
order, and the amounts can be varied as described herein or as
known to one of ordinary skill in the art:

1) place 20 milliliters of distilled and deionized water into

a scintillation vial and purge that distilled and deionized
water with nitrogen gas for 15 to 20 minutes so as to
remove all possible amounts of oxygen;

ii) add the 1.0 grams of acrylamide into the scintillation
vial, and stir extensively for 5 minutes or until all of the
acrylamide is completely dissolved;

iii) add the 0.0267 grams of N,N'-methylenebisacrylamide
to the scintillation vial and stir extensively for 5 minutes
or until all the components in the scintillation vial are
completely dissolved.



US 9,182,292 B2

121

iv) add the 0.004 grams of ammonium persulfate to the
scintillation vial and stir extensively for 5 minutes or
until all the components in the scintillation vial are com-
pletely dissolved;

v) addthe 0.1 grams of Red 110 M added to the scintillation
vial and stir extensively for 5 minutes or until all the
components in the scintillation vial are completely dis-
solved. The addition of Red 110 M to the gel allows the
gel to be better observed, because otherwise the gel
would be transparent. As discussed herein and as under-
stood by one of ordinary skill, for all the embodiments
disclosed herein, one embodiment may work better with
a transparent stimulus sensitive gel, while others will
work better with a stimulus sensitive gel that is dyed a
given color. One of ordinary skill will also understand
that different color dyes can be used to make the stimu-
lus sensitive gel color different from, or the same as, the
indicator spot.

The pre-gel mixture of AAm and SVA is rapidly transferred
from the scintillation vial into molds to allow the polymer-
ization process to occur and/or so as to allow gels to form into
the desired shape. The pre-gel mixture is preferably cast
between glass plates since the pre-gel does not stick on glass
surfaces and hence can be removed from the plates easily.
Some of the types of molds employed are described below
although one of ordinary skill in the art will recognize that the
gels can be cast in any shape and size. Glass pipettes can be
used which preferably have an inner diameter about 7 mm).
Similarly, rectangular or round glass capillaries (from Fiber
Optic Center, MA for instance) having an inner diameter of
0.4 mm or Y4 inches could be used as well. In addition, the gel
may be cast between glass plates in a protein electrophoresis
gel casting unit (Mimi PROTEAN® 3 system from Bio-Rad
for instance). The space between two glass plates can be 1.0
mm or 1.5 mm.

As willbe appreciated by one of ordinary skill in the art, the
molds employed to form the stimulus sensitive gels can vary
in length, height and/or width, and as will be appreciated by
one of ordinary skill in the art, the desired speed with which
the transition of the resulting gel occurs is limited by the
smallest dimension of that stimulus sensitive gel. Because
there is an inverse relation between the transition speed and
the smallest dimension of the gel, between two stimulus sen-
sitive gels that are the same in all dimensions except for one,
the gel which has the larger dimension (e.g., length, height or
width) will undergo its phase transition slower than a stimulus
sensitive gel that has a larger size on that same given dimen-
sion. For example, a stimulus sensitive gel that is 1 cm long,
1.0 mm high, and 0.5 cm wide will take 4 times as long to
contract than a stimulus sensitive gel thatis 1 cm long, 0.5 mm
high, and 0.5 cm wide.

Next the ends of the glass molds are sealed, either by flame
sealing or by putting epoxy at the ends. The reason for sealing
the pre-gel mixture in the glass molds is to prevent the pre-gel
mixture from coming in contact with air during the polymer-
ization process. It is important to prevent the pre-gel mixture
from coming into contact with oxygen in the air during the
polymerization process, because oxygen retards and may
even stop the polymerization reaction. This is the same reason
that the distilled and deionized water is purged with nitrogen
at the beginning of the manufacture of the gel.

The final step in transforming the pre-gel mixture into a
robust stimulus sensitive gel mixture is to immerse the sealed
glass molds containing the pre-gel mixture in a water bath at
atemperature of 50° C. for at least one hour, but preferably the
pre-gel mixture is immersed in the 50° C. water bath for two
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hours. After this period of two hours, polymerization is com-
plete, and the stimulus sensitive gel can be removed from the
glass molds.

An alternative to this final step of transforming the pre-gel
mixture into a robust stimulus sensitive gel mixture is to add
50 microliters of N,N,N'N'-tetramethylethylenediamine (ab-
breviated TEMED, preferably 98% purity from Aldrich) into
the pre-gel mixture and stirring the mixture for 5 minutes or
until it completely dissolves in the pre-gel mixture. TEMED
catalyzes the polymerization reaction such that the reaction
may occur at room temperature or even at lower temperatures
although one of ordinary skill in the art will recognize that
TEMED may be substituted with another redox polymeriza-
tion catalyst such as sodium metabisulfite. After the addition
of TEMED, the polymerization is allowed to proceed for
approximately one hour. One of ordinary skill in the art will
recognize, in addition to the two polymerization methods
discussed above, the polymerization of the pre-gel mixture
can be accomplished in many different ways.

Once polymerization is complete, the polymerized gels are
taken out from the glass molds by breaking the glass molds or
by removing the glass plates if using a protein electrophoresis
gel casting unit. Immersing the polymerized gels in deionized
water is a necessary step so as to remove unreacted compo-
nents because during the process of forming the stimulus
sensitive gel, there is always the possibility that some acry-
lamide and bisacrylamide do not incorporate into the polymer
chains that form the stimulus sensitive gel. During the poly-
merization of the stimulus sensitive gel, there is always the
possibility that some polymer chains are formed but which do
not incorporate into the polymer chains that form the gel, and
as such can be washed from the gel.

In the case that the gel is formed at room temperature via
the addition of a catalyst, that catalyst also needs to be
removed from the gel. The removal of TEMED and unreacted
monomers is achieved, as mentioned above, by simply
immersing the gel in distilled and deionized water. The poly-
merized gels are washed extensively by immersing the gels in
distilled and deionized water for at least two days seven days,
with the water changed at least every day. Immersing the
polymerized gels in deionized water is a necessary step so as
to remove the components not being incorporated into the gel.

Moreover, if the polymerization process used TEMED,
that TEMED also needs to be removed from the polymerized
gel. The removal of TEMED, unbound polymer chains and
unreacted monomers is achieved, as mentioned above, by
simply immersing the polymerized gel is distilled and deion-
ized water.

After washing the gel in distilled and deionized water, the
gels are dried overnight at a temperature of 35° C. When the
gels are completely dried, then the gels are inserted into
molds identical to those in which they were initially formed.
For instance, if the gels were prepared between glass plates in
aprotein electrophoresis gel casting unit (Mimi PROTEAN®
3 system from Bio-Rad for instance), then the dry gel would
be again inserted in the gel casting unit. At this point, it is
ready to be swollen in an acrylic acid solution that can be
polymerized resulting in an interpenetrating network of
PAAm and PAAc.

To prepare the acrylic acid solution the following steps are
taken:

1) place the remaining 20 milliliters of distilled and deion-
ized water into a scintillation vial and purge it with
nitrogen gas for 15 to 20 minutes so as to remove all
possible amounts of oxygen;
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i) add the 1.0 grams of acrylic acid into the scintillation
vial, and stir extensively for 5 minutes or until all of the
acrylic acid is completely dissolved;

iv) add the remaining 0.0266 grams of N,N'-methylenebi-
sacrylamide to the scintillation vial and stir extensively
for 5 minutes or until all the components in the scintil-
lation vial are completely dissolved;

vi) add the remaining 0.004 grams of ammonium persul-
fate to the scintillation vial and stir extensively for 5
minutes or until all the components in the scintillation
vial are completely dissolved;

vii) add the sodium hydroxide. The amount of sodium
hydroxide added dictates the degree of ionization of the
PAAc chains which in turn dictates the transition tem-
perature of the gel. By increasing the degree of ioniza-
tion of the PAAc chains, the transition temperature is
lowered. For instance, a degree of ionization of three
percent by mole of the PAAc chains corresponds to a
transition temperature of 17° C. whereas a six percent by
mole ionization corresponds to 12° C. To prepare a gel
with a degree of ionization of three percent by mole, the
required amount of sodium hydroxide is 0.0167 grams
whereas if a six percent by mole degree of ionization is
required then 0.0334 grams are needed.

Once all the ingredients are combined, then the solution is
added into the mold containing the dry PAAm gel. Next the
ends of the glass molds are sealed, either by flame sealing or
by putting epoxy at the ends. The reason for sealing the
pre-gel mixture in the glass molds is to prevent the pre-gel
mixture from coming in contact with air during the polymer-
ization process. It is important to prevent the pre-gel mixture
from coming into contact with oxygen in the air during the
polymerization process, because oxygen retards and may
even stop the polymerization reaction. This is the same reason
that the distilled and deionized water is purged with nitrogen
at the beginning of the manufacture of the gel.

The dry PAAm gel is allowed to swell completely in the
acrylic acid solution. Typically, complete swelling of the
PAAm in the acrylic acid solution is achieved in two days. In
the final step in the preparation of the interpenetrating net-
work of PAAm and PA Ac, the sealed glass molds containing
the PAAm gel swollen in an acrylic acid solution are
immersed in a water bath at a temperature of 50° C. for at least
one hour, but preferably the PAAm gel swollen in an acrylic
acid solution is immersed in the 50° C. water bath for two
hours. After this period of two hours, polymerization is com-
plete, and the stimulus sensitive gel can be removed from the
glass molds.

Once polymerization is complete, the polymerized gels are
taken out from the glass molds by breaking the glass molds or
by removing the glass plates if using a protein electrophoresis
gel casting unit. Immersing the polymerized gels in deionized
water is a necessary step so as to remove unreacted compo-
nents because during the process of forming the stimulus
sensitive gel, there is always the possibility that some acrylic
acid and bisacrylamide do not incorporate into the polymer
chains that form the stimulus sensitive gel. During the poly-
merization of the stimulus sensitive gel, there is always the
possibility that some polymer chains are formed but which do
not incorporate into the polymer chains that form the gel, and
as such can be washed from the gel.

Performing all the above mentioned steps results in the
formation of interpenetrating networks of PAAm and PAAc
or IPN-PAAm-PA Ac for short.

2. Method to Dope the Gels with Constituent Parts

As discussed herein the swollen stimulus sensitive gel
expels, among other things, constituent parts as it undergoes
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its phase transition in reaction to a predetermined stimulus. To
ensure the color change of the color changing absorbent
material embodiment of the stimulus indicating device
occurs, the stimulus sensitive gel should preferably be doped
with constituent parts that are known to be reactive with and
permanently bind to the color changing absorbent material.
By way of example only, if cationic paper is selected as the
color changing absorbent material, then the stimulus sensitive
gel should be doped with cations, such as Mg>* or Ca**.
Similarly, if litmus paper is selected as the color changing
absorbent material, then the stimulus sensitive gel should be
doped with ions, such as H*.

Once the degree of ionization required to obtain stimulus
sensitive gels that trigger at the desired transition tempera-
tures are well established, this procedure need not be repeated
for all manufactured gels. In order to dope the stimulus sen-
sitive gels, the pieces of swollen stimulus sensitive gel are
swollen in a solution containing the constituent parts. That is,
after washing the IPN-PAAm-PAAc gel with distilled and
deionized water as discussed above, the swollen stimulus
sensitive gel is soaked in a solution containing 30 mM MgCl,
overnight. Then the swollen, doped and stimulus sensitive gel
is removed from the doping solution and is patted dry with
Kimwipes tissue. In this way the doped, swollen stimulus
sensitive gel contains the constituent parts (e.g., Mg>") that
will be expelled from the swollen stimulus sensitive gel and
react with the color changing absorbent material (e.g., cat-
ionic paper) once the swollen stimulus sensitive gel under-
goes its phase transition upon being exposed to a predeter-
mined stimulus, thereby causing the color changing
absorbent material in the color changing absorbent material
embodiments to change from a first color to a second color.

Although the invention has been particularly shown and
described with reference to preferred and alternate embodi-
ments thereof, it will be understood by those skilled in the art
that various changes in form and detail may be made to it
without departing from the spirit and scope of the invention.

We claim:

1. A stimulus indicating device that is capable of providing
an irreversible indication of exposure to a predetermined
stimulus comprising:

a first compartment;

a stimulus sensitive gel contained inside said first compart-
ment that has a chemical composition such that said
stimulus sensitive gel permanently contracts from a first
volume to a second volume in response to exposure to
the predetermined stimulus regardless of whether the
predetermined stimulus is removed;

an indicator spot positioned inside said first compartment
and that is positioned below said stimulus sensitive gel
and that is physically covered by and is visibly blocked
by said stimulus sensitive gel prior to exposure to the
predetermined stimulus;

an indicator window integral with said first compartment
and that is positioned above said stimulus sensitive gel,
and thatis positioned above said indicator spot, for view-
ing into said first compartment; and

wherein said stimulus sensitive gel has a chemical compo-
sition of poly(AAm-co-SB) gel.

2. A stimulus indicating device that is capable of providing
an irreversible indication of exposure to a predetermined
stimulus comprising:

a first compartment comprising an upper layer and a back-

ing layer;

a stimulus sensitive gel contained in said first compartment
that has a chemical composition such that said stimulus
sensitive gel permanently contracts from a first volume
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to a second volume in response to exposure to the pre-
determined stimulus regardless of whether the predeter-
mined stimulus is removed;

an indicator spot positioned inside of said first compart-
ment and that is positioned on said backing layer and that
is positioned below said stimulus sensitive gel, and that
is physically covered by and is visibly blocked by said
stimulus sensitive gel;

an indicator window integral with said upper layer for
viewing into said first compartment, and that is posi-
tioned above said stimulus sensitive gel, and that is posi-
tioned above said indicator spot; and

wherein said stimulus sensitive gel has a chemical compo-
sition of poly(AAm-co-SB) gel.

3. A stimulus indicating device that is capable of providing
an irreversible indication of exposure to a predetermined
stimulus comprising:

a first compartment comprising an upper layer and a back-

ing layer;

a stimulus sensitive gel contained in said first compartment
that has a chemical composition such that said stimulus
sensitive gel permanently contracts from a first volume
to a second volume in response to exposure to the pre-
determined stimulus regardless of whether the predeter-
mined stimulus is removed;

aportion of said backing layer that is capable of providing
an indication that said stimulus indicating device had
been exposed to a predetermined stimulus, wherein said
portion of said backing layer is positioned inside said
first compartment and that is positioned below said
stimulus sensitive gel, and that is physically covered by
and is visibly blocked by said stimulus sensitive gel prior
to exposure to the predetermined stimulus;

an indicator window integral with said upper layer for
viewing into said first compartment, and said indicator
window is positioned above said stimulus sensitive gel,
and is positioned above said portion of said backing
layer; and

wherein said stimulus sensitive gel has a chemical compo-
sition of poly(AAm-co-SB) gel.

4. A stimulus indicating device that is capable of providing
an irreversible indication of exposure to a predetermined
stimulus comprising:

a first compartment comprising an upper layer and a back-

ing layer;

a stimulus sensitive gel contained in said first compartment
that has a chemical composition such that said stimulus
sensitive gel permanently contracts from a first volume
to a second volume in response to exposure to the pre-
determined stimulus regardless of whether the predeter-
mined stimulus is removed;

an indicator spot positioned inside said first compartment
and positioned below said stimulus sensitive gel, and
that is physically covered by and is visibly blocked by
said stimulus sensitive gel prior to exposure to the pre-
determined stimulus,

wherein said upper layer is positioned above said stimulus
sensitive gel, and is positioned above said portion of said
backing layer, and that allows viewing into said first
compartment and

wherein said stimulus sensitive gel has a chemical compo-
sition of poly(AAm-co-SB) gel.

5. A stimulus indicating device that is capable of providing
an irreversible indication of exposure to a predetermined
stimulus comprising:

a first compartment comprising an upper layer and a back-

ing layer;
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a stimulus sensitive gel contained in said first compartment
that has a chemical composition such that said stimulus
sensitive gel permanently contracts from a first volume
to a second volume in response to exposure to the pre-
determined stimulus regardless of whether the predeter-
mined stimulus is removed;

a portion of said backing layer that is capable of providing
an indication that said stimulus indicating device had
been exposed to a predetermined stimulus, said portion
of said backing layer is positioned inside said first com-
partment and that is positioned below said stimulus sen-
sitive gel, and that is physically covered by and is visibly
blocked by said stimulus sensitive gel prior to exposure
to the predetermined stimulus,

wherein said upper layer is positioned above said stimulus
sensitive gel, and is positioned above said portion of said
backing layer, and that allows viewing into said first
compartment and

wherein said stimulus sensitive gel has a chemical compo-
sition of poly(AAm-co-SB) gel.

6. The stimulus indicating device of claim 1, 2, 3, 4 or 5

further comprising:

an attachment point attaching said stimulus sensitive gel to
said first compartment.

7. The stimulus indicating device of claim 1 further com-

prising:

said stimulus sensitive gel having a position relative to said
indicator spot such that at least a portion of said indicator
spot is capable of being permanently exposed and vis-
ible through said indicator window when said stimulus
sensitive gel permanently contracts due to exposure to
the predetermined stimulus.

8. The stimulus indicating device of claim 2 further com-

prising:

said stimulus sensitive gel having a position relative to said
indicator spot such that at least a portion of said indicator
spot is capable of being permanently exposed and vis-
ible through said indicator window when said stimulus
sensitive gel permanently contracts due to exposure to
the predetermined stimulus.

9. The stimulus indicating device of claim 4 further com-

prising:

said stimulus sensitive gel having a position relative to said
indicator spot such that at least a portion of said indicator
spot is capable of being permanently exposed and vis-
ible through said upper layer when said stimulus sensi-
tive gel permanently contracts due to exposure to the
predetermined stimulus.

10. The stimulus indicating device of claim 3 further com-

prising:

said stimulus sensitive gel having a position relative to said
portion of said backing layer such that at least a part of
said portion of said backing layer is capable of being
permanently exposed and visible through said indicator
window when said stimulus sensitive gel permanently
contracts due to exposure to the predetermined stimulus.

11. The stimulus indicating device of claim 5 further com-

prising:

said stimulus sensitive gel having a position relative to said
portion of said backing layer such that at least a part of
said portion of said backing layer is capable of being
permanently exposed and visible through said upper
layer when said stimulus sensitive gel permanently con-
tracts due to exposure to the predetermined stimulus.
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12. The stimulus indicating device of claim 7, 8,9, 10 or 11
further comprising: wherein the contraction of said stimulus
sensitive gel from the first volume to the second volume is
only a partial contraction.

13. The stimulus indicating device of claim 7, 8 or 9 further
comprising: said indicator spot is a glyph.

14. The stimulus indicating device of claim 7, 8 or 9 further
comprising:

said indicator spot is a first color and said stimulus sensitive

gel is a second color.

15. The stimulus indicating device of claim 10 or 11 further
comprising:

said portion of said backing layer is an indicator spot.

16. The stimulus indicating device of claim 10 or 11 further
comprising:

said portion of said backing layer contains a glyph.

17. The stimulus indicating device of claim 10 or 11 further
comprising:

said portion of said backing layer is a first color and said

stimulus sensitive gel is a second color.

18. The stimulus indicating device of claim 1 wherein said
stimulus sensitive gel is of the Upper Critical Solution Tem-
perature class of stimulus sensitive gel.

19. The stimulus indicating device of claim 3 wherein said
stimulus sensitive gel is of the Upper Critical Solution Tem-
perature class of stimulus sensitive gel.

20. The stimulus indicating device of claim 4 wherein said
stimulus sensitive gel is of the Upper Critical Solution Tem-
perature class of stimulus sensitive gel.

10

15

20

128

21. The stimulus indicating device of claim 5 wherein said
stimulus sensitive gel is of the Upper Critical Solution Tem-
perature class of stimulus sensitive gel.

22. The stimulus indicating device of claim 7 further com-
prising:

wherein said stimulus sensitive gel contracts by a prede-

termined amount of volume over a predetermined
amount of time.

23. The stimulus indicating device of claim 8 further com-
prising:

wherein said stimulus sensitive gel contracts by a prede-

termined amount of volume over a predetermined
amount of time.

24. The stimulus indicating device of claim 9 further com-
prising:

wherein said stimulus sensitive gel contracts by a prede-

termined amount of volume over a predetermined
amount of time.

25. The stimulus indicating device of claim 10 further
comprising:

wherein said stimulus sensitive gel contracts by a prede-

termined amount of volume over a predetermined
amount of time.

26. The stimulus indicating device of claim 11 further
comprising:

wherein said stimulus sensitive gel contracts by a prede-

termined amount of volume over a predetermined
amount of time.



